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ABSTRACT 

An experiment w a s  designed and conducted t o  e m p i r i c a l l y  e v a l u a t e  

t h e  NASA Thesaurus. 

func t ion ing  as a r e g u l a t o r y  t o o l  t o  c o n t r o l  t h e  output  of a mechanized 

The e v a l u a t i o n  focused p r i m a r i l y  upon t h e  Thesaurus 

. 

retrieval system. A t e n  percent  random sample of s ea rch  formula 

d e s c r i p t o r s  was used t o  perform a computerized sea rch  of t h e  NASA f i l e  

f o r  t h e  4/67 sea rch  per iod .  

a g a i n s t  which t h e  r e s u l t s  of s u b s t i t u t i n g  t h e s a u r a l l y  i d e n t i f i e d  terms 

The r e s u l t a n t  ou tput  became t h e  s tandard  
c 

were compared. 

redundancy, recall,  and p rec i s ion .  The o b j e c t i v e  w a s  t o  determine i f  

t h e  Thesaurus d id  f u n c t i o n  as a r e g u l a t o r y  dev ice  even i f  t h e  f i l e  had 

been indexed p re - thesau ra l ly ,  R e s u l t s  were mainly negat ive.  E f f e c t i v e  

c o n t r o l  olE 

t h e  thesau ra l  mod i f i ca t ion  of s ea rch  formulas,  

- Thesaurus NASA f i l e  d i d  no2 provide t h e  degree  of  redundancy r equ i r ed  

t o  u t i l i z e  e f f i c i e n t l y  t h e  s t r u c t u r a l  m o b i l i t y  a f fo rded  by t h e  Thesaurus 

t o  r e g u l a t e  t h e  output .  

mine whether pos t - thesau ra l  indexing does indeed provide s u f f i c i e n t  r e -  

dundancy t o  permit formal use o€  the  Thesaurus t o  formulate  search  

p r e s c r i p t i o n s  i n  which "broader" and "narrower" term r e l a t i o n s h i p s  may be 

exp lo i t ed  e f f e c t i v e l y .  

The f i g u r e s  of m e r i t  used i n  t h e  eva lua t ion  were; 

output  of sea rches  a g a i n s t  t h e  NASA f i l e  w a s  not  a t t a i n e d  by 

The indexing of t h e  pre-  

This outcome sugges ts  a follow-up s t u d y  t o  d e t e r -  
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INTRODUCTION 

The National Aeronautics and Space Administration (NASA) colleets 

organizes, and indexes an extensive file of scientific-technical information 

related to the space effort. 

information stored in the file, via innovations in products, processes, 

procedures, materials, and systems, to engineers, technicians, administrators 

etc., NASA is supporting six regional dissemination centers (RDC) throughout 

In order to facilitate the "spin-off" of 

the United States. One RDC is administered by the Knowledge Availability 

Systems Center (KASC) at the University of Pittsburgh. Here a mechanized 

dissemination service is employed to exploit (i.e., identify, evaluate, 

and disseminate potentially useful information from) the NASA file on both 

a retrospective and a current awareness basis to industrial userso 

Current procedures for exploiting the NASA file involve: (1) 

identifying and documenting the information needs peculiar to each user; 
* 

(2) contructing & search foruula based on the user's profile of infomation 

needs; (3) executing the computer search with this formula; ( 4 )  eval- 

uating the search results; (5) providing the user wi th  a b s t r a c t s  

of those documents an analyst determines to be potentially relevant; 

(6) evaluation oE the abstracts by the requestor in terns of relevancy 

to the question posed; and (7) controlling the system output by adjusting 

the search formgla based on feedback inEor'mtion collected in (6) above, 

The cumulative experiences of evaluators of information systems 

suggest four fundamental reasons for low recall and precision in 

mechanized searches of large files. They are: 

A, The indexing was not  c o n s i s t e n t  w i th  t h e  wide range of u se r  

interests, This is with respect to the identification of the differ- 



ent kinds of information the various users want to find in the doc- 

uments e 

B. The influence of the author's vocabulary on the nomenclature 

used by the indexers. 

identical or partially related conceptso 

was frequently used to describe different concepts. 

e, Differing depth (exhaustiveness) of indexing which Led t o  

uneven penetration into the poten,tially useful subject content of 

documents, 

indexer's understanding of the material. in the document led t o  

inconsistency in the number of independent concepts identified 

during analysis. 

Different terminology was used t o  describe 

Also the same terminology 

- 

Economic pressures and considerable variance in the 

Do Deficiencies in the search formulas due to the uncertainties 

resulti&g from factors (A - C) above and uncertainties steming from 

an Pncomplete understanding ctf what the system user rerlly had :!-a 

mind 

Recently a new tool, the NASA Thesaurus, has been made available to 

informacion spccialists which should help to reduce these deficiencies 

in the indexing of documents and in the constructing of search formulas, 

It has several functions: first, it can serve as an authority list in 

the selection of legal terms for the construction of search formulas; second, 

it provides access to information files from any term entry point and by 

way of its cross-reference structure, channels the formula constructor 

to the correct entry term; third, it is used to regulate the system 

output with respect to both the quantity and quality of cited documents; and 

finally, it serves to remove ambiguity by showing the explicit inter- 

relationships of the terms where such relationships exist. 
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Cont ro l  o f  t h e  ou tpu t  was g e n e r a l l y  achieved i n  two ways. One 

method was t o  change t h e .  l o g i c a l  opera tors  connecting the terms of the 

s e a r c h  formula, This  was considered a coarse  adjustment (analogous t o  t h e  

c o a r s e  adjustment of  a microscope). 

vocabulary  t h a t  was employed i n  t h e  formulas.  The t o o l  t h a t  was used t o '  

make t h e  f i n e  adjustment was a . t h e s a u r u s .  

The f i n e  adjustment then  was the  

The s t r u c t u r e  o f  t h e  Thesaurus makes it u s e f u l  i n  making t h e  f i n e  

ad jus tments  f o r  c o n t r o l l i n g  t h e  output  of  a mechanized system. 

t h r e e  classes o f  s t r u c t u r e  g e n e r a l l y  found i n  t h e s a u r i  provide t h e  in -  

t r a s t r u c t u r a l  m o b i l i t y  needed t o  reduce t h e  p rev ious ly  discussed d e f i c i e n c i e s  

i n  mechanized searches.  

Displays i n  t h i s  class are h i e r a r c h i c a l ,  t h a t  is, a.term and i t s  r e l a t e d  

terms form a r r a y s  of concep tua l ly  broader  and narrower terms t h a t  me 

t h e  r e c i p r o c a l  one of  t h e  o the r .  

has  as one r e l a t e d  word t h e  tern " c i r c u i t s "  which i s  broader  o r  more 

g e n e r i c  i n  meaning, and a t  t h e  same t i m e  has  t h e  r e l a t e d  word "synchro- 

scopes" which i s  narrower o r  more s p e c i f i c  i n  meaning. S u b s t i t u t i o n  of 

t h e  term " c i r c u i t s "  f o r  

The 

The f i r s t  class provides  v e r t i c a l  mobil i ty .  

For  example: t h e  term "phase d e t e c t o r s "  

t h e  t e r m  "phased d e t e c t o r s "  i n  a search  formula 

should loosen t h e  c o n t r o l  of  t h e  output  e s t a b l i s h e d  by t h e  o r i g i n a l  term, 

w h i l e  s u b s t i t u t i o n  of  t h e  narrower term "synchroscopes" s h o u l d  t i g h t e n  

t h e  c o n t r o l  of  t h e  ou tpu t  by r e d m i n g  it  i n  s i z e  and scope, 

class of  s t r u c t u r e  p rov ides  h o r i z o n t a l  mob i l i t y .  

o f  m o b i l i t y  r e q u i r e s  p a r a l l e l  d i s p l a y s  where t h e  terms are r e l a t e d  con- 

c e p t u a l l y  o r  a s s o c i a t i v e l y ,  bu t  not  h i e r a r c h i c a l l y .  For example, 'lde- 

t e c t o r s  , I :  l lphase c o n t r o l ,  

laced tezms, a l l  e q u a l l y  r e l a t e d ,  b u t  i n  a p a r a l l e l  sense,  not  h i e r a r c h i c a l l y .  

Included i n  t h i s  class are s u b j e c t  terms w i t h  broad o r  ambiguous meawings 

which p rec ludes  t h e i r  be ing  e f f e c t i v e  f o r  indexing o r  r e t r i e v i n g  i n f o m a t i o n ,  

The second 

P rov i s ion  of  t h i s  type  

"phase e r r o r ,  "synchronism, ' I  etc . are a l l  re- 

3 



Such a term i s  " f a c i l i t i e s . "  

a l i s t  of  more s p e c i f i c  terms t o  choose from, such as l l a i r p o r t s , "  ':buildings," 

"centers ,  'I "electrical power p l a n t s ,  

provided by t h e  "use" and "used for"  c r o s s - r e f e r e n c i n g  s t r u c t u r e  and 

was necessary t o  handle  t h e  synonymical r e l a t i o n s h i p s  t h a t  might e x i s t  

between terms. 

i n v a l i d  tern and a s su red  access t o  t h e  " legal1 '  e n t r y  term, 

I n  t h i s  case t h e  u s e r  w a s  p resented  wi th  

etc. The t h i r d  class of s t r u c t u r e  

This  m o b i l i t y  permi t ted  e n t r y  i n t o  t h e  system w i t h  a n  

Indexing of t h e  NASA P i l e ,  

Pre-*thesaurus - Indexer  g e n e r a l l y  l d e n t i f i e d  t h e  m o s t  s p e c i f i c  

see of terms which d e s c r i b e s  t h e  document. He then  d i d  one or  

bogh oE t h e  fol lowing:  a)  d i s j o i n e d  t h e  s e v e r a l  words which 

comprised a pre-coord ina ted  tern, and/or  b )  posted up from the  

s p e c i f i c  tern t o  broader  terms, Ne i the r  of t h e s e  were done con- 

s i s t e n t l y ,  In  a d d i t i o n ,  %f  o t h e r  broader  terms were cons idered  

l e g i t i m a t e  index terms, t h e y  w e r e  a l so  included,  

The NASA system of indexing w a s  never a "pure" uniterm system, 

There w a s  always some p r o v i s i o n  made f o r  t h e  use of  multiple-word, 

o r  p recoord ina te ,  terms t h a t  were used t o  index t h e  documents 

i n  t h e  publ ished indexese This  was expla ined  i n  a d i s c u s s i o n  O €  

t h e  NASA system by Van A, Wente. 

The fJASA system des igne r  recognized a t  t h e  o u t s e t  t h a t  
t h e s e  two  approaches t o  r e t r i e v a l ,  books indexes and 
t a p e  f i l es ,  may b e s t  employ two 
indexing. 
i n g  could  be performed s imul taneous ly  and wi thout  
d u p l i c a t i o n  of  e f f o r t ,  a significant gain  i n  e f f i c i e n c y  
would be r e a l i z e d .  On t h e  one hand, ",e manipula t ive  
n a t u r e  of computer rape  d a t a  allowed t h e  use  of term 
c o o r d i n a t i o n  of 2n almost unl imited degree,  
o t h e r  hand p r i n t e d  indexes,  because of  t h e i r  non- 

d i s f e r e n t  t ypes  of 
It was f e l t  t h a t  i f  t h e  two types  of  index- 

On t h e  
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manipu la t ive  n a t u r e ,  r equ i r ed  t h e  u s e  of a s u b j e c t  
head ing  type  o f  indexing, whereby a h i g h l y  developed 
s t r u c t u r e  of terms and c ross - r e fe rences  guide3 t h e  s e a r c h e r  
t o  r e l a t i v e l y  more s p e c i f i c  t e r m s  i n  t h e  indexes where he  
might look f o r  d e s i r e d  s u b j e c t  matter. I n  a c t u a l  p r a c t i c e ,  
the d i f f e r e n c e  between t h e s e  two indexing  approaches 
became a d i f f e r e n c e  i n  degree  o f  what may be  c a l l e d  E- 
a2mrdination. 

A comple te ly  word-by-word approach t o  indexing  f o r  
computer r e t r i e v a l  may r e s u l t  i n  an  excess ive  p o t e n t i a l  
f o r  false combinations and l a c k  of s p e c i f i c i t y .  There- 
f o r e ,  a machine vocabulary was developed which r equ i r ed  
p recoord ina t ions  of t h o s e  words most l i k e l y  t o  g ive  such 
r e s u l t s  i f  used by themselves: p roper  names, s p e c i f i c  
t h i n g s  o r  p r o j e c t s  and c e r t a i n  ve ry  g e n e r a l  terms (LOW, 
HIGH, etc.). A vocabulary of approximately 13,000 t e r m s  
r e s u l t e d ,  w i t h  about 40 percen t  of i t s  t e r m s  p recoord ina ted .  
From 15 t o  20 o r  more of t h e s e  terms are c u r r e n t l y  employed 
t o  c h a r a c t e r i z e  t h e  average document i n  t h e  t a p e  d a t a .  1 

Each document acqui red  by NASA w a s ,  a t  t h e  t i m e  of t h e  sample 

pe r iod  chosen € o r  t h i s  s tudy ,  ass igned  an  average  of t h r e e  publ i shed  

terms and "10 machine t e r m s , "  i .e . ,  terms t h a t  were never used i n  t h e  

publ i shed  indexes.  
2 

The NASA system imposed a double  burden on t h e  a n a l y s t  o r  u s e r  of 

t h e  system i n  t h a t  he no t  on ly  had t o  p r e d i c t  which t e r m  o r  terms might 

have been ass igned  t o  a document, he  then  had t o  be a b l e  t o  p r e d i c t  t h e  

form i n  which t h e  t e r m  would appear ,  i . e . ,  i n  an  i n t a c t  form as used i n  

t h e  publ i shed  indexes o r  i n  t h e  exploded form used on t h e  machine-readable 

t a p e .  I f  a multiple-word term had been used t o  index t h e  document i n  

t h e  publ i shed  indexes ,  it would appear on t h e  machine-readable t a p e  i n  

t h e  same form. I n  o r d e r  t o  make t h e  system c o n s i s t e n t  w i t h  uni te rm p r i n -  

c i p l e s ,  t h e r e  w a s ,  a t  least p a r t  of t h e  t i m e ,  a p o l i c y  t h a t  r equ i r ed  t h a t  

t h e  multiple-word terms be fragmented i n t o  t h e i r  component p a r t s  f o r  u s e  

on t h e  machine-readable t ape .  

I 

1 Van A.  Wente, " S p e c i f i c i t y  and A c c e s s i b i l i t y  i n  a System o f  I n f o r -  
mation Cen te r s  on Space and Aeronautic," Colloquium on Technica l  Precon- 
d i t i o n s  f o r  R e t r i e v a l  Center Opera t ions .  ed .  Benjamin F. Cheydleur (N,  J. 
Macmillan, 1965) p. 56. 

a g r e e  w i t h  t h e  f i g u r e  generated by t h e  program used a t  t h e  KAS Center .  
2 Th i s  f i g u r e  appears  i n  t h e  SP,L I n  t h e  I n t r o d u c t i o n  and does not  

5 



Post-Thesaurus 

In Indexing Guidelines for Use with the NASA Thesaurus, the fol- 

lowing statement appears in the section labelled "Changes in Indexing 

Pract ices/Patterns": 

The unitizing (breaking down) of  combined (precoordinated) published 
terms into machine retrieval terms will be discontinued. 

For example, LIQUID PROPELLANT ROCKET ENGINE (Old Subject Guide Term) 
LIQUID; PROPELLANT; ROCKET ENGINE or ROCKET and ENGINE 

(Machine Retrieval Terms) 

The Thesaurus will contain a modified version of most old "uniterms." 
These will be used Sased on the information being indexed and e 
automatically upposted as previously.3 

Apparently "upposting" meant exploding the multiple word terms into their 

component parts. 

This practice was evidently never firmly established as policy 

because it varied from time to time, and when it was in effect, was 

not consistently enforced. Therefore, Documentation, Inc., recommend- 

ed that all strategies include both forms of the term, the exploded 

form because the document may not have appeared under the intact form 

in the published indexes because it was not a "major concept" in the 

document, and the intact form because if the document had been indexed 

under the intact form in the published indexes, the term may not have 

been exploded for use on the machine-readable tape. 4 

3National Aeronautics and Space Administration, "Indexing Guide- 
lines for Use with the NASA Thesaurus, "Unpublished paper, January, 
1968. 

and Retrieval of Bibliographic Information at the NASA Scientific and 
Technical Information Facility, (College Park, Md., 1966) pp. 8-9. 

4Documentation Incorporated I Guide to the Processing, Storage, 



C-onstruction of Search Formulas and Searching Procedures 

A f t e r  t h e  r e q u e s t o r ' s  in format ion  needs had been determined, t h e  s e t  

o f  keywords r e f l e c t i n g  t h i s  need ( h i s  p r o f i l e )  were l o g i c a l l y  s t r u n g  

t o g e t h e r  w i t h  Boolean connec tors  t o  form a s e a r c h  formula. Search 

formulas c a n  be s o r t e d  i n t o  two c a t e g o r i e s :  

1. Ana ly t i c s  formed by a s i n g l e  t e r m  ( r e p r e s e n t i n g  a s i n g l e  a s p e c t  of 

information)  o r  by a union of terms. 

The leas t  complicated formula c o n s i s t e d  of e i t h e r  a s i n g l e  t e r m  

o r  a se r ies  of s i n g l e  terms summed. The union w a s  represented  i n  t h e  

examples by a p l u s  s i g n  (+), When t h i s  type of formula w a s  used, i t  

may be assumed t h a t ,  i n  t h e  opin ion  of t h e  a n a l y s t ,  each t e r m  repre-  

s e n t s  t h e  q u e s t i o n  s ta tement ,  and t h a t  every document indexed by t h e  

term had t h e  p o s s i b i l i t y  of being r e l e v a n t  t o  t h e  q u e s t i o n  s ta tement .  

The fol lowing 8re examples of s t r a t e g i e s  i n  t h i s  category.  

VACUUM DEPOSITION 

TEMPERATURE MEASUREMENT -i- THERMISTOR -I- TEMPERATURE SENSOR 

I n  t h e  d e l i m i t e d  popu la t ion  of' 256 s t r a t e g i e s  used f o r  t h i s  s tudy ,  

t h e r e  were t h i r t e e n  ( 5  percent )  c o n s i s t i n g  of a s i n g l e  t e r m  and s i x t y -  

e i g h t  ( 2 7  p e r c e n t )  c o n s i s t i n g  of a series of two o r  more t e r m s  sumned. 

2.  Ana ly t i c s  formed by t h e  i n t e r s e c t i o n  of two o r  more s e a r c h  formr;la 

terms. 

The c r i t e r i o n  f o r  membership i n  t h i s  ca tegory  was t h a t  two 

o r  more terms i n  t h e  s e a r c h  formula were conjoined thus r e q a i r i n g  

t h e  same set  of t e r m s  t o  appear  concurren t ly  i n  a document (as index 

t e r m s )  f o r  t h e  l o g i c  of t h e  a n a l y t i c  t o  be s a t i s f i e d .  Apparently 

i n  t h e s e  cases, no s i n g l e  term represented  t h e  q u e s t i o n  s ta tement  

and t h e  a n a l y s t  was i n t e r e s t e d  i n  documents indexed by term "A'! only 
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i f  t hey  were a l s o  indexed by term "B". The s imples t  formula of t h i s  

t ype  c o n s i s t e d  of the  i n t e r s e c t i o n  of two t e r m s ,  f o r  example, 

OXIDATION JX METAL 

where t h e  a s t e r i s k  (e) was the  l o g i c a l  connector f o r  i n t e r s e c t i o n .  This  

t ype  of formula most c l o s e l y  approximated t h e  classic uni term formula 

i n  which two t h r e e  o r  f o u r  ve ry  broad t e r m s ,  i.e., terms w i t h  non-spec i f ic  

r e f e r e n t s ,  were conjoined i n  a n  i n t e r s e c t i o n  t o  r e t r i e v e  document c i t a t i o n s  

of a h i g h l y  s p e c i f i c  na tu re .  Taube and Wachtel used, as a n  example, the 

c o o r d i n a t i o n  of  t h e  terms PLASTIC, BONDING, METAL and WOOD t o  f i n d  

r e f e r e n c e s  t o  " p l a s t i c  bonding m e t a l  t o  wood .'I5 

More complex forms i n  t h i s  ca tegory  of  a n a l y t i c s  are t h e  fo l lowing  

c o n f i g u r a t i o n s  which r ep resen t  a series of i n t e r s e c t i o n s  summed. 

~DROCARBONJ:  (CATALYTIC ACT IVITY+CATALY s IS+-CATALY ST) 

The fo l lowing  example is  a v a r i a t i o n  of t h e  preceding  form. 

( (RADAR+-AMTENNA) Jc(ARXAYI-PEJASED ARUY) ) 

Other formula v a r i a t i o n s  cons i s t ed  of  t h e  union of one o r  more terms 

w i t h  one o r  more i n t e r s e c t i o n s  i n  va r ious  combinaticns.  Examples are: 

ADHESIVE + (ADHESION 9: POLYMFX) 

(FUSELAGE 'k (HELICOPTER + VIBEATION)) + HELICOPTER J: VIBRATION) 

A f i n a l  v a r i a t i o n  is  included which i s  a d f r e c t  r e s u l t  of t h e  formula 

c o n s t r u c t o r ' s  u n c e r t a i n t y  as t o  whether a multiple-word d e s c r i p t o r  was 

d i s j o i n e d  o r  remained i n t a c t  when s e l e c t e d  as an  index t e r m .  

A s  a r e s u l t ,  a n a l y s t s  tended t o  r e i n f o r c e  t h e i r  formulas by inc lud ing  

bo th  forms of  t h e  t e r m .  Four of t h e  formulas contained a m u l t i p l e  word 

t e r m  as a s i n g l e  t e r m  and had i t s  component p a r t s  used i n  an  i n t e r s e c t i o n .  

lLfortimer Taube and Assoc ia tes .  S t u d i e s  i n  Coordinate  Indexins .  
1953 (n.p. Documentation, i nc . ,  1953), Ii, 39.  
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F o r  example 

ELECTRIC MOTOR f (ELECTRIC * MOTOR). 

However, i n  deve loping  the  l i s t  of  terms used  i n  the  sample f o r d u l a s  

no a t t empt  w a s  made t o  equa te  t h e  terms forming i n t e r s e c t i o n s  wi th  a pre-  

coord ina ted  form inc lud ing  both terms. A casual examinat ion of t h e  

formulas  w i l l  show t h a t  a l though some of the  formulas inc lude  a n  i n t e r s e c t i o n  

made up of  two p a r t s  of a multiple-word t e r m  included i n  the  Sub jec t  Author- 

i t y  L i s t  (SAL) and sometimes i n  t h e  formulas  i n  a n  i n t a c t  form, many of t h e  

terms .forming i n t e r s e c t i o n s  were not r ep resen ted  i n  the  i n  a m u l t i p l e  

word form. 

Some formulas  seemed t o  inc lude  both  p o s s i b i l i t i e s ' ,  t h a t  i s ,  1) t h e  

use  of two terms t o  form a n  i n t e r s e c t i o n  not provided f o r  i n  t h e  termin- 

ology,  and, 2)  t o  back up a multiple-word t e r m  a l s o  used i n  a n  i n t a c t  form 

i n  the  formula.  

The formula w a s  t h e n  matched a g a i n s t  t h e  index terms of t h e  documents 

i n  the  f i l e .  I f  t h e  terms matched and the  requirements  of t h e  l o g i c  were 

m e t ,  t h e  document was c i t e d  as p o t e n t i a l l y  r e l e v a n t  t o  t h e  q u e s t i o n  asked.  

The ou tpu t  was c o n t r o l l e d  both  as t o  s i z e  and use fu lness  not only by the  

l o g i c  involved,  bu t  a l s o  by the  s e l e c t i o n  of t e r m s  i n  t h e  formula. 

The &, which s imply l i s t s  t h e  l e g a l  terms wi thou t  any i n d i c a t i o n  of 

i n t e r t e r m  r e l a t i o n s h i p s ,  w a s  employed t o  c o n t r o l  t h e  vocabulary and t o  

c o n s t r u c t  t h e  popu la t ion  of s ea rch  formula; used i n  t h i s  experiment (with 

t h e  advent  o f  t h e  NASA Thesaurus,  a l l  of t h e  sea rch  formulas have sub- 

sequen t ly  been modif ied t o  comply w i t h  t h e s a u r a l  requi rements ) .  I n  

a d d i t i o n ,  t h e  a v a i l a b i l i t y  of t h e  Thesaurus i n  1968 exh ib i t ed  rela- 

t i o n s h i p s  which provided va ry ing  degrees  of  i n t r a s t r u c t u r a l  mob i l i t y ,  

seemed t o  open a way f o r  a d d i t i o n a l  r e g u l a t i o n  of t he  output  w i t h  f i n e  
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c o n t r o l  provided by vocabulary ad jus tments .  

w i t h  some a p r i o r i  f e e l i n g  as t o  what should happen t o  t h e  odtput  i f  one 

o r  several cand ida te  terms are s u b s t i t u t e d  f o r  a n  o r i g i n a l  t e r m  i n  t h e  

formula.  

A l l  t h i s  can now be done 
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Desipn of a n  Experiment 

A. Objective: Empi r i ca l ly  e v a l u a t e  t h e  NASA Thesaurus as t o  i t s  

c a p a b i l i t y  of  meeting i t s  i n d i c a t e d  use  ( i ,e. ,  r e g u l a t e  t h e  

q u a n t i t y  and/or  q u a l i t y  of  t h e  output  of s ea rches  executed a g a i n s t  

t h e  s u b f i l e  u s ing  s e a r c h  formulas  cons t ruc t ed  w i t h i n  i t s  c o n s t r a i n t s ) .  

D e f i n i t i o n s  (from t h e  NASA Thesaurus) 

1. Broader T e r m  (B.T.) ' I . . .  i nd ica t ed  t h a t  t he  terms t h a t  

fo l low t h e  B.T. n o t a t i o n  represented  more i n c l u s i v e  concepts  

t h a t  covered,  among o t h e r s ,  the  t e r m  u s e d .  For example: 

ALUMINUM ALLOYS 
BT ALLOYS 

2. Narrower Term (N.T,) ",,. i nd ica t ed  t h a t  the  s u b j e c t  terms 

fo l lowing  the  N. T. n o t a t i o n  represented  more s p e c i f i c  concepts  

t han  the  term used; i t  was a r e c i p r o c a l  of t he  broader  term 

(B.T.) r e f e rence .  For examp1.e: 

ALLOYS 
NT ALUMINUM ALLOYS 

3. Rela ted  Term (R.T.) " ... i nd ica t ed  t h a t  t he  two indexable  

terms were c l o s e l y  r e l a t e d  conceptua l ly  but  were not s t r u c t u r e d  

w i t h i n  t h e  broader  o r  narrower "tree," o r  h i e ra rchy .  The 

r e c i p r o c a l  o f  t he  R.T. r e f e r e n c e  "ar1 w a s  t he  R.T.. r e f e rence  

I1  I 1  b and vice v e r s a .  

a) RADAR EQUIPMEIQ 
R.T. RADIO EQUIPMENT 

b) RADIO EQUFEWENT 
R.T. RADAR EQUIPPENT 
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4 .  A n a l y t i c s  - Component p a r t s  of s e a r c h  formulas.  A n a l y t i c s  were 

g e n e r a l l y  s t r u n g  toge the r  w i t h  Boolean l o g i c  t o  form t h e  b a s i c  

t o o l  f o r  s ea rch ing  l a r g e  f i l e s .  

D e f i n i t i o n s  of Measures Used i n  t h e  Experiment 

5. P r e c i s i o n  - Measures t h e  p ropor t ion  o f  t h e  documents r e t r i e v e d  by t h e  

new a n a l y t i c s  t h a t  were r e l e v a n t  t o  t h e  u s e r ' s  in format ion  needs. This  

w a s  not t r u e  p r e c i s i o n  i n  t h a t  t he  complement of t he  s e t  ( i . e . ,  t o t a l  

ci-ted by t h e  a n a l y t i c s  minus t h e  r e l e v a n t  documents) w a s  not eva lua ted  

by the  u s e r .  I t  d i d ,  however, g i v e  a n  i n d i c a t i o n  of t h e  e f f e c t i v e n e s s  

of  t h e s a u r a l l y  s u b s t i t u t i n g  t e r m s  i n  s ea rch  a n a l y t i c s  when the  s tandard  

of  e v a l u a t i o n  w a s  t h e  r e l e v a n t  documents r e t r i e v e d  by the  o r i g i n a l  

ana  1 y t i c s . 
6. Recall - Measured the  a b i l i t y  of a n  a n a l y t i c  t o  r e t r i e v e  r e l e v a n t  

documents. There were two s t anda rds  i n  t h i s  experiment a g a i n s t  which 

r eca l l  w a s  measured. One was the  p r o f e s s i o n a l  in format ion  a n a l y s t ' s  

op in ion  of t h e  p o t e n t i a l  r e l evance  o f  t he  document; t h e  o t h e r  was the  

in fo rma t ion  u s e r ' s  judgment of  t h e  document's re levance  t o  h i s  needs. 

New a n a l y t i c s  formed w i t h  s u b s t i t u t e d  terms ( t h e s a u r a l l y  suggested)  were 

eva lua ted  by t h e i r  a b i l i t y  t o  recal l  t h e  r e l e v a n t  documents r e t r i e v e d  by 

t h e  o r i g i n a l  a n a l y t i c s .  

7. Redundancy - The indexing of  a document w i t h  a g iven  t e r m  as w e l l  as 

any of t h e  set  of broader ,  narrower,  o r  r e l a t e d  t e r m s  t h a t  were 

t h e s a u r a l l y  a s s o c i a t e d  w i t h  the g iven  t e r m .  I t  measured the  co- 

occurrence of  a n  index t e r m  w i t h  a t h e s a u r a l l y  a s s o c i a t e d  index t e r m  

i n  t h e  same document. 



1 

C. Expec ta t ions  of Resu l t s :  These f e l l  i n t o  t h r e e  classes based on t h e  

s t r u c t u r a l  c l a s s i f i c a t i o n  of t he  Thesaurus.  

1. Broader t e r m  expec ta t ion :  I f  a t e r m  s t r u c t u r e d  by the  Thesaurus 

as a broader  t e r m  (B.T.) w a s  t r u l y  a broader  t e r m ,  then the  

r e s u l t s  of s u b s t i t u t i n g  t h i s  c lass  i n t o  t h e  sea rch  formulas 

should have been  a n  ou tpu t  t h a t  conta ined  a l l  t h e  documents 

indexed by t h e  o r i g i n a l  s e a r c h  formula t e r m  i n  a d d i t i o n  t o  o t h e r s .  

The number of documents c i t e d  should be g r e a t e r ,  b u t  i t  must 

c o n t a i n  a t  l ea s t  those  c i t e d  by t h e  o r i g i n a l  t e r m  (O.T.) .  Other- 

wise, t h e  s u b s t i t u t i o n  degrades t h e  sea rch  formula.  This  expecta-  

t i o n  i s  i l l u s t r a t e d  i n  F igu re  1. 

F igure  1 

2. Narrower term expec ta t ion :  I f  a t e r m  l abe led  a "naxrower" term 

( N . T . )  w a s  t r u l y  a narrower t e r m ,  t h e n  the  r e s u l t s  o f  sub- 

s t i t u t i n g  i t  i n t o  a sea rch  formula should have been a n  output  

t h a t  w a s  a s u b s e t  of t h e  ou tpu t  from the  O.T., b u t  w i t h  in -  

c r eased  p r e c i s i o n .  That  i s ,  a g r e a t e r  p ropor t ion  o f  t he  

c i t e d  documents should be r e l e v a n t  t o  t h e  user 's  needs than  

would be i n  the  o r i g i n a l  ou tput .  This  e x p e c t a t i o n  i s  i l l u s -  

t r a t e d  i n  F igu re  2.  No document should be c i t e d  by t h e  N.T. 
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t h a t  was  no t  c i t e d  by t h e  O,T, 

I n  a d d i t i o n ,  t h e  summation of a l l  t h e  documents c i t e d  by t h e  

narrower terms should be  i d e n t i c a l  t o  t h e  set of documents c i t e d  by 

t h e  o r i g i n a l  term. 

3. 

Figure  2 

Rela ted  term expec ta t ion :  

t h e r e  are two p o t e n t i a l  r e s u l t s ,  F i r s t ,  t h e  two l i s t i n g s  

If a tern i s  a r e l a t e d  terrn (ROT,) 

could  be d i s j o i n t e d  (no documents i n  common), o r  second, 

i f  t h e r e  i s  ove r l ap ,  it should be s l i g h t ,  T h e s e  two 

cases are i l l u s t r a t e d  i n  F igu re  3. 

F i g u r e  3 

Redundancy w i t h  r e l a t e d  terms should be  low, b u t  n o t  zero .  
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Sta t emen t  of t h e  Problem 

Cali  a t h e s a u r u s  which h a s  been based on an a c t u a l  l a r g e  f i l e  i ndex ing  

vocabulary  w i t h  i t s  i n t e r - t e r m  r e l a t j o n s h i p s  e s t a b l i s h e d  n o t  by n a t u r a l  

I- 

usage  o f  t h e s e  terms i n  t h e  documents, b u t  by convent ions  e s t a b l i s h e d  by 

a p a n e l  of e x p e r t s ,  be imposed o v e r  t h e  c o n s t r u c t i o n  of s e a r c h  formu'las 

des igned  t o  s e a r c h  t h e  same f i l e  as i t  was indexed p r e - t h e s a u r a i l y  as w e l l  

as  p o s t - t h e s a u r a l l y ?  Can s e a r c h  formulas  be t h c s a u r a l l y  modified t o  regu- 

la te  the o u t p u t  t o  t h e  d e s i r e d  deg ree  (wi th  r e s p e c t  to r e c a l l  and p r e c i s i o n ) ?  

Do the  terms i n  t h e  t h e s a u r u s  e x h i b i t  t h e  r e l a t i o n s h i p s  ass igned  t o  them 

(i.e., arc "broader" t e r m s  r e a l l y  b roade r  and "narrower" terms r e a l l y  

narrower ? 

3.5 



The ne thodology d c s c r l b e d  i n  this s e c t i o n  i s  a sunmary of  t h e  

impor t an t  s t e p s  exployed t o  d e s i g n  and conduct  t h e  exper iment .  

d e t a i l s  on each  of  t h e s e  s t e p s  are g iven  i n  Appendix A .  

Spec:-fic 

1. D e l i m i t  a p o p u l a t i o n  of  s e a r c h  formulasa  

2. Make a l i s t i n g  of t h e  unique terms Ln t h i s  popu ta t ion .  
2 

3.  Equate  t h e  o r i g i n a l  terms ( l e g a l  e n t r y s  i n  t h e  p re -  

t h e s a u r u s  S u b j e c t  A u t h o r i t y  L i s t  (SAL) w i t h  NASA 

t h e s a u r u s  terms e g~ . .  . - 

* .  

4.. Use t h e  equated  t h e s a u r u s  terms as  inpu t  t o  s e a r c h  t h e  

fu l l .  t h e s a u r u s  t ape .  S o r t  and l i s t  t h e  min i - thesau rus  

of e q u a t e d  terms. The l i s t i t i g  has the t h e s a u r u s  term 

2 l a n g  with the subterms related t o  i t .  

5 .  Compare t h e  2iCsauru.s terms w i t h  t h e  E&& termso 

M e n  t h i s  s tudy  w a s  f i rs t  planned, i t  was bel ieved  t h a t  t h e r e  
would be  a r e l a t i v e l y  small number of unique t e r m s  i n  t h e  t o t a l  number 
of terms used i n  t h e  s t r a t e g i e s  and t h a t  it 170Uld be p o s s i b l e  t o  v i s u a l -  
l y  equate  t h e  subterms l i s t e d  under t h e  s t r a t e g y  terms 2s Main Terms 
i n  t h e  Thesaurus w i t h  t h e  & form of t h e  tern and keypunch t h e  SAL 
term for a s i n g l e  a s p e c t  s ea rch  of t h e  f i l e ,  The unexpectedly l a r g e  
number of unique terms used i n  t h e  s t r a t e g i e s  precluded t h i s  p o s s i b i l i t y  
and i.t was necessary  t o  nechanize more of t h e  p r o j e c t  than had o r i g i n a l -  
l y  been planned, 

- 
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6 .  

7. 

8. 

9. 

10. 

Create a modified thesaurus  con ta in ing  on ly  t h e  o r i g i n a l  s ea rch  

formula terms and which has  t h e  NASA Thesaurus r e l a t i o n s h i p s  and 

format ,  bu t  uses  SAL terminology. 

Using t h e  modified thesau rus ,  i d e n t i f y  a l l  t h e  terms t h a t  are candida te  

terms f o r  s u b s t i t u t i o n  w i t h  t h e  randomly selected sea rch  formula 

t e r m .  These w i l l  i nc lude  a l l  t h e  broader  and narrower terms and ap- 

proximately one - th i rd  of  t h e  r e l a t e d  terms;\ f o r  a 

Thesaurus.  

Keypunch t h e  i d e n t i f i e d  terms t h a t  are cand ida te s  

given e n t r y  i n  t h e  

f o r  s u b s t i t u t i o n  

as w e l l  as t h e  o r i g i n a l  t e r m  i n t o  machine-readable form and sea rch  

t h e  NASA s u b f i l e  f o r  a l l  documents indexed by t h e s e  terms. 

inve r t ed  s u b f i l e  w i l l  be  t h e  d a t a  base  f o r  a l l  subsequent searches .  

Divide t h e  cand ida te  terms i n t o  two groups based on t h e  type  of  a n a l y t i c  

Th i s  

t hey  form. 

one o r  more terms w L l 1  be known as t h e u  group. 

c o n s i s t i n g  of  t h e  a n a l y t i c s  formed by t h e  i n t e r s e c t i o n  of two o r  more 

terms w i l l  be known as t h e  A g r o u p .  

For t h e  group, t h e s a u r a l l y  suggested terms w i l l  be considered a 

s i n g l e  a spec t  s e a r c h  formula and matched a g a i n s t  t h e  index terms 0.E t h e  

s u b f i l e .  The r e s u l t i n g  l i s t  of  access ion  numbers of documents 

indexed by t h i s  t e r m  w i l l  be compared t o  t h e  l i s t i n g  of access ion  

numbers f o r  t h e  o r i g i n a l  t e r m  and eva lua ted  according t o  t h e  

cr i ter ia  e s t a b l i s h e d  f o r  broader ,  narrower,  and r e l a t e d  terms 

(see expec ta t ions  . . . page 13,14). 

The group con ta in ing  t h e  a n a l y t i c s  formed by t h e  upian of 

The o t h e r  group 

1 

%ecause of t h e  l a r g e  number of  terms i n  t h e  set of  r e l a t e d  terms, 
it  w a s  a r b i t r a r i l y  decided t o  use one- th i rd  o f  t h e s e  as l i s t e d  i n  the 
thesaurus ,  
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11. For  t h e  ,fk group, a n  i n t e r m e d i a t e  s t e p  must be  t aken  be fo re  

e v a l u a t i n g  t h e  s t r u c t u r a l  r e l a t i o n s h i p  e s t a b l i s h e d  f o r  t h e  

s e l e c t e d  term. The several c o n s t i t u e n t  t e r m s  of t h e  i n t e r s e c t i o n  

must be  searched s imul taneous ly  w i t h  t h e  s e l e c t e d  term. Thus, 

when a t h e s a u r a l  t e r m  i s  s u b s t i t u t e d ,  t h e  set o f  t e r m s  comprising 

t h e  i n t e r s e c t i o n  ( inc lud ing  t h e  t h e s a u r a l  t e r m )  m u s t  be searched 

as a u n i t .  T h i s  u n i t  i s  then  cons idered  8 sea rch  formula and i s  

matched a g a i n s t  t h e  f i l e  as w a s  t h e  s i n g l e  a s p e c t  formula. The 

r e s u l t s  of t h e s e  sea rches  w i l l  t hen  be eva lua ted  as f o r  t h e  

group. 
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R e s u l t s  and DiscussioA 

A. Condi t ion  I: S u b s t i t u t i n g  T h e s a u r a l l y  Broader Terms i n t o  Search 

Formula A n a l y t i c s  

1. A n a l y t i c s  formed by t h e  o r i g i n a l  term e i t h e r  s i n g l y  o r  i n  union 

w i t h  one o r  more terms i n  t h e  search  formula, 

One hundred twelve (112) of t h e  a n a l y t i c s  t h a t  were randomly s e l e c t e d  

f o r  s tudy  belonged t o  t h e  u group, Of these ,  b roader  terms 

were i d e n t i f i e d  i n  t h e  Thesaurus f o r  s i x t y - f i v e  of t h e  o r i g i n a l  

terms i n  t h e s e  a n a l y t i c s ,  The remaining for ty-seven o r i g i n a l  

terms had no b roade r  terms i d e n t i f i e d  f o r  them. These o r i g i n a l  

terms were index terms f o r  a t o t a l  of  390 d.ocuments i n  t h e  s u b f i l e ,  

The number of documents indexed by each term ranged from 0 t o  

43;  t h e  median indexed was t h r e e .  For t h e  65 or ig ina l .  terms t h e r e  

were 141 tenns i n  t h e  Thesaurus s t r u c t u r a l l y  c l a s s i f i e d  as broader ,  

These 141 broader  terms i n  t u r n  were index terms f o r  6506 documents,;'; 

The number of documents indexed by each broader  term of t h f s  set 

ranged from 0 t o  318; t h e  median now be ing  4,9 documents pe r  

term. 

* T h e  number of unique documents may be somewhat less s i n c e  no a t tempt  
was  made t o  comb out  t h e  redundancy t h a t  occurs  when a g iven  document i s  
indexed by two o r  more terms from t h e  set of broader  terms, 
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Redundancy 

o u r  e x p e c t a t i o n s  f o r  b rosdc r  t e r n s ,  i f  cur ren t  search Zozxuizs ccn  5c 

thesaurally mod i f i ed  and. used on the HASA f i l e ,  i s  tha t  t h e r e  vo'c?ld 

be 100% rcdundcncy,  i .c . ,  all 390 documents c i t e d  by t'ne candi l Ja te  terns  

scope  of t h e  c o n t e n t  area covered  by t h c  formula,  b u t  a l s o  t n  

hec!gc. z g a i n s t  z i s s i n g  i n f o r n a t i o n  beczuse of t h e i r  l ack  of f z L t h  

in t h e  cons j - s tency  02 t h e  index ing  . .  and i n  t h e  e x h s u s t i v c n e s s  of i ndes ing .  

S ix t een  of  t h e  t h i r t y  hzd been  added i n  un ion  ( the Boolean "or")  

t o  the  o t h e r  t e r m ( s )  i n  the forriula. Of t h e s e  s i x t e e n ,  t h i r t z c n  

d i d  n o t  c i t e  any of t h e  d o c m e n t s  c i t e d  by t h e  car.didace t c r m s  

i r k  the  f c m u l a s .  
. -_ .- . - 

Again  t h e  e x p e c t a t i o n  b70Uld have beer: that of 

30%, T h i s  i n d i c a t e s  t h a t  t h e  level  of  redundancy added by 

t h e s a u r a l l y  "broadening" t h e  s e a r c h  formula i s  not  s a t i s f a c t o r y  

f o r  t h e  NASA f i l e  f o r  t h i s  class of a n a l y t i c .  
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Recall and P r e c i s i o n  

Of t h e  390 documents c i t e d  by t h e  o r i g i n a l  kerm about  h a l f  (198 o r  

51%) were eva lua ted  as p o t e n t i a l l y  r e l e v a n t  by t h e  informat ion  a n a l y s t ,  

One hundred and f o u r  (104) of t h e  198 would have been c i t e d  had a broader  

term been used i n  t h e  a n a l y t i c  i n s t e a d  of  t h e  o r i g i n a l  term. 

recall f a c t o r  of .53, i n d i c a t i n g  t h a t  about  h a l f  of t h e  documents eva lua ted  

as r e l e v a n t  by t h e  a n a l y s t  would have been r e t r i e v e d  had a l l  t h e  broeder  

terms.been inc luded  i n  t h e  a n a l y t i c s  of  t h e  65 formulas  i n  t h i s  group. 

Ehploying a s i n g l e  broader  term i n  t h e  formula a n a l y t i c  would have 

produced r e s u l t s  ranging  from 100% recall t o  ze ro  recall. 

Th i s  i s  a 

The former 

i s  l i k e l y  t o  occur  i f  t h e  broader  tenn used i n  t h e  keyword i s  a mul t ip l e -  

word d e s c r i p t o r ,  The la t ter  occurred f r e q u e n t l y  (18 of 141 broader  terms 

(13%) c i t e d  no documents). 

With regard  t o  t h e  user 's  e v a l u a t i o n  of re levancy9 t h e r e  were 143 

of t h e  390 o r i g i n a l l y  c i t e d  documents eva lua ted  as r e l e v a n t  (37%),  O f  

t h e  143 r e l e v a n t  documents, 82 would have been r e c a l l e d  us ing  broader  

t e r m s  i n  t h e  component p a r t s  of t h e  sea rch  formula i n s t e a d  of t h e  o r i g i n a l  

term. Th i s  i s  a recall f a c t o r  of .57, i n d i c a t i n g  a g a i n  t h a t  a lL t t l e  more 

t h a n  h a l f  t h e  r e l e v a n t  documents would have been r e t r i e v e d  had broader  

terms been used i n  t h e  a n a l y t i c s  r a t h e r  t h a n  t h e  o r i g i n a l  tern, 
1 t 

2, A n a l y t i c s  formed by t h e  c a n d i d a t e  term i n  i n t e r s e c t i o n  w i t h  

s e a r c h  formula terms. 

Centra  1 Tendencies and Dispers ions  

The remaining 117 a n a l y t i c s  of t h e  o r i g i n a l  229 sampled 

f o r  i n v e s t i g a t i o n  were from t h e  n g r o u p .  O f  t hese ,  t h e  

Thesaurus i d e n t i f i e d  t h i r t y - s e v e n  as having a set of broader  

terms t h a t  could be s u b s t i t u t e d  f o r  t h e  o r i g i n a l  terms i n  t h e  
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a n a l y t i c s .  

t h e s a u r a l l y  i d e n t i f i e d .  

The remaining e i g h t y  o r i g i n a l  t e r m s  had no broader  t e r m s  

The 37 terms having  a s u b s t i t u t a b l e - s @ k  of broader  terms will 

be examined more c l o s e l y  

d i s c u s s i o n  of procedures  

hand l ed  

demand s 

. l o g i c a l  

it must 

d i f f e r e n t l y  than  

t h e  c m c c u r r e n c e  

now. It should be r e c a l l e d  from t h e  

(see p. 18 ) t h a t  t h e  r-l group had t o  be 

group. An a n a l y t i c  i n  t h e  n group 

of  two o r  more terms t o  s a t i s f y  i t s  

requirements .  

have among i.ts d e s c r i p t o r s  a l i  t h e  t e r m s  s p e c i f i e d  i n  t h e  

I n  t u r q t h i s  means t h a t  f o r  documents t o  be c i t e d  , 

a n a l y t i c .  For example, t h e  a n a l y t i c  

... e l e c t r o d e p o s i t i o n + n o n m e t a l ~ ~  inorganic  ... 
reqf i i res  a document t o  be  indexed by all. t h r e e  of  t h e s e  

terms i n  o rde r  f o r  i t  t o  be c i t e d  (machine s e l e c t e d )  as matching 

t h e  informat ion  need of t h e  r e q u e s t .  This  example i s  a 

s t r i n g e n t  form of  vocabulary c o n t r o l  and i s  a s l i k e l y  as no t  t o  

r e t r i e v e  noth ing .  

two t e r m s .  These are f r e q u e n t l y  nes t ed ,  i .e.,  one term is  he ld  cons t an t ,  

bu t  t h e  second t e r m  can  be chosen from a set of a l t e r n a t i v e s .  An 

Most f). a n a l y t i c s  r e q u i r e  t h e  cooccurrence of on]-y 

example of t h i s  might be 

.* .  e l e c t r o n *  ( o p t i c s  4- microscope + d i f f r a c t i o n )  ... 
Elec t ron  is  a must index t e r m ,  b u t  t h e  r equ i r ed  second term.  

can  be any of t h e  t h r e e  i n s i d e  t h e  p a r e n t h e s i s .  I n  e f f e c t  

t h e r e  are t h r e e  a n a l y t i c s  d i sp l ayed  i n  t h i s  example I=-- e l e c t r o n  

and o p t i c s ,  e l e c t r o n  & microscope, and e l e c t r o n  & d i f f r a c t i o n .  - 
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With t h i s  mind, we t u r n  back t o  the d i s c u s s i o n  of the  

131 group, There w e r e  128 analytics formed w i t h  t h e  37 

o r i g i n a l  terms, 

2.1 fa r  each  term; t h e  range  was  from 1 t o  a h i g h  of 13, 

number of documents indexed by t h e  set o f  terms s p e c i f i e d  i n  t h e  128 

a n a l y t i c s  was 91. 

The median number of a n a l y t i c s  t h u s  formed was 

The 

The range f o r  each  set o f  terms was from 0 t o  

13, t h e  median number indexed was 1,O p e r  document. 

For t h e s e  37 o r i g i n a l  terms t h e r e  were 70 terms 

Thesaurus s t r u c t u r a l l y  c l a s s i f i e d  as broader .  When 

i n  t h e  

t h e s e  70 

broader  terms were s u b s t i t u t e d  (where app l i cab le )  i n t o  t h e  

a n a l y t i c s  -involving t h e  o r i g i n a l  t e r m ,  t h e r e  were 489 documents 

c i t e d  as matching t h e  requirements .  The number of  documents 

c i t e d  by t h e  a n a l y t i c s  a f t e r  broader  terms were s u b s t i t u t e d  

ranged from 0 t o  156 p e r  formula,  The average number o f  c i tes  p e r  a n a l y t i c  

was 3.8. 

Redundancy 

A s  s t a t e d  p rev ious ly ,  o u r  expec ta t ions  for broader  t e r m s  

i s  1.00% redundancy. We expected a l l  9 1  o f ' t h e  documents c i t e d  

by t h e  o r i g i n a l  a n a l y t i c s  t o  a lso be c i t e d  by t h e  "broader 

a n a l y t i c s f f .  However, only 23 were c i t e d  g iv ing  a redundancy 

f i g u r e  of  25.3%. Of t h e  23 redundant c i t a t i o n s ,  16 (or  69.5%) 

were t h e  r e s u l t  of d i s j o i n i n g  a multiple-word d e s c r i p t o r  as d iscussed  

earlier.  
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Recall and P r e c i s i o n  

The recall and p r e c i s i o n  v a l u e s  t h a t  r e s u l t  when broader  

terms are used i n  a s e a r c h  formula can  be determined. There are 

two s t anda rds  upon which recall and p r e c i s i o n  can  be  based.  

F i r s t , t h e r e  is t h e  p r o f e s s i o n a l  in format ion  a n a l y s t ' s  e v a l u a t i o n  

of t h e  documents, and second, t h e  informat ion  r e q u e s t o r ' s  

eva lua t ion .  

O f  t h e  9 1  documents c i t e d  by t h e  o r i g i n a l  a n a l y t i c s  

31 were considered r e l e v a n t  by t h e  informat ion  a n a l y s t .  

E ight  of t h e s e  would have been c i t e d  had broader  terms been used 

i n  t h e  a n a l y t i c s  i n s t e a d  of  t h e  t e r m  t h a t  was chosen o r i g i n a l l y .  

Th i s  i s  a recall  f a c t o r  of .26 and means t h a t  had a l l  t h e  

broader  terms been used i n  a component of t h e  s e a r c h  formula 

i n s t e a d  of  t h e  o r i g i n a l  t e r m ,  rough1.y one- four th  of 

t h o s e  documents t h a t  t h e  a n a l y s t  f e l t  t o  be r e l e v a n t  t o  t h e  

r e q u e s t  would have been r e t r i e v e d .  The r eca l l  f a c t o r  f o r  

r e l e v a n t  documents ( those  t h e  r eques to r  himself evaluated 

as r e l e v a n t )  w a s  n e a r l y  t h e  s a m e .  ffwenty-seven of t h e  9 1  

o r i g i n a l l y  c i t e d  documents were eva lua ted  a's r e l e v a n t  by 

t h e  u s e r .  Seven of t h e  r e l e v a n t  documents were c i t e d  by 

a n a l y t i c s  con ta in ing  a broader  t e r m  i n  s t r u c t u r i n g  t h i s  

component of t h e  s e a r c h  formula.  

The r e l a t i o n s h i p  between t e r m  broadness  (as e m p i r i c a l l y  

def ined)  and t h e  redundancy va lue  (as e m p i r i c a l l y  measured) 

is  g r a p h i c a l l y  d i sp l ayed  i n  F igu re  4. 

There w e r e  i10 t e r m s  considered t r u l y  "broader" by t h e  empi r i ca l  

d e f i n i t i o n .  Fo r ty - th ree  of t h e s e  had a redundancy f a c t o r  
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g r e a t e r  t han  50%. I n  t h i s  set, a l l  bu t  f o u r  were candida te  tefms 

s t r i p p e d  of a modi f ie r ;  31 of  t h e  43 had a redundancy f a c t o r  of 

100%. O f  t h e  remaining 67 (broade'r bu t  w i t h  less than  50% re- 

dundancy) only  s ix  were d i s j o i n e d  m u l t i p l e  word t e r m s  o r  t e r m s  

w i t h  t h e  p r e f i x  s t r i p p e d  o f f  (e.g. spectrophotography becoming 

photography).  A l l  s i x  had redundancy f a c t o r s  of  ze ro .  

F i f t y - n i n e  of  t h e  t e r m s  were not  r e a l l y  "broader" by t h i s  

- . d e f i n i t i o n  ( t o  t h e  l e f t  o f  t h e  l i n e  demarcat ing u n i t y  at 1.0). 

Of t h e s e  59,  on ly  f i v e  showed any degree of redundancy a t  a l l  

and only  one of t h e s e  i s  noteworthy (a t  35%). It a l s o  happens 

t o  be a d i s j o i n e d  multiple-word d e s c r i p t o r .  

Empir ica l ly ,  t h e  s u b s t i t u t i o n  of  broader  terms i n t o  s e a r c h  

formulas ,  t h e  component p a r t s  of which were t h e  union o f  t e r m s ,  

d i d  i n c r e a s e t h e  number of documents c i t e d  by t h e  s u b s t i t u t e d  

terms (approximately 16.5 t i m e s )  when compared t o  t h e  number c i t e d  3y 

t h e  cand ida te  terms. However, t h e  redundancy f i g u r e  of 47.5 

percen t  i s  n o t  s u f f i c i e n t  t o  f u l f i l l  t h e  empi r i ca l  d e f i n i t i o n  

of  "broadness .I1 
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B. Condi t ion  11: S u b s t i t u t i n g  Thesaura l ly  Narrower Terms into. Search 

Formula Ana l y t  i c s  

I. Ana ly t i c s  formed by t h e  o r i g i n a l  t e r m  e i t h e r  s i n g l y  o r  i n  union 

w i t h  one o r  more terms i n  t h e  s e a r c h  formula 

C e n t r a l  Tendencies and Dispers ions  

One hundred twelve (112) of t h e  ana ly t i . cs  randomly selected 

f o r  s tudy  belonged t o  t h e  U g r o u p .  O f  t h e s e ,  narrower terms 

were i d e n t i f i e d  i n  t h e  Thesaurus f o r  f o r t y - f o u r  of  t h e  

o r i g i n a l  terms i n  t h e  s e a r c h  formula a n a l y t i c s .  The 

remaining s i x t y - e i g h t  of t h e  o r i g i n a l  terms had no 

narrower t e r m s  i d e n t i f i e d  f o r  them. The o r i g i n a l  terms 

under c o n s i d e r a t i o n  were index terms i n  a t o t a l  of 529 

documents i n  t h e  s u b f i l e .  The number of documents indexed 

by each o r i g i n a l  term ranged from 0 t o  73, t h e  median 

indexed w a s  7.5 documents. 

For t h e s e  44 o r i g i n a l  terms, t h e r e  were 200 terms 

i n  t h e  Thesaurus c l a s s i f i e d  s t r u c t u r a l l y  as narrower. These  

200 narrower terms, i n  t u r n ,  were index terms f o r  632 

documents .i'c The number indexed by each narrower term 

i n  t h i s  set  ranged from 0 t o  57, w i t h  t h e  median be ing  

2.8 documents. 

Redundancy 

O u r  e x p e c t a t i o n  f o r  narrower t e r m  s u b s t i t u t i o n  (as 

d i scussed  under Design of t h e  Experiment, pp. 13,14) is- 

increased  p r e c i s i o n .  The ou tpu t  f o r  each narrower t e r m  

s u b s t i t u t e d  is a s u b s e t  o f  rhe  output  f o r  t h e  o r i g i n a l  

term. Therefore;  t h e  union o f  a l l  the narrower t e r m  o u t p u t s  

* Footnote on page 19 a lso a p p l i e s  t o  narrower ternis, 
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should  be the e q u i v a l e n t  of t h e  o u t p u t  f o r  t h e  o r i g i n a l  

term. I n  a d d i t i o n ,  a t  lcast one'o'FS t h e  n ~ r r o w e r  terms 

i n  a set  should  have h i g h  recall and p r e c i s i o n  v a l u e s ,  

i n d i c a t i n g  a convergence of u s e r  p r o f i l e  w i t h  t h e  output .  

Therefore, we expected t h a t  a l l  of t h e  529 documents cit:ed 

by the o r i g i n a l  terms would b e  found I n  the 632 documents 

indexed by the narrower t e r m s .  However on ly  89 (or  17%) 

of t h e  529 documents were c i t e d .  I n  t h i s  case the sum 

of t h e  pa r t s '  equa l s  on ly  17% of the wllole, and n o t  n e a r l y  

meet ing t h e  expec ta t ion .  

Recal l  and P r e c i s i o n  --- I 

Of t h e  529 documents c i t e d  by t h e  o r l g i n a l  term, 

abou t  one - th i rd  (161 o r  30.5%) were eva lua ted  as p o t e n t i a l l y  u s e f u l  

by the in fo rma t ion  a n a l y s t  and forwarded t o  t h e  u s e r ,  

0nl.y 20 of t h e  L G 1  ana lys t - re l -evnnt  docuixents were c i t e d  

by iiarrowr terms, a r e c a l l  f a c t o r  of only  .13. It 

i n d i c a t e s  t h a t  a l i t t l e  more than 10% of t h e  documents 

evaluated as p o t e n t i a l l y  u s e f u l  by the in fo rma t ion  a n a l y s t  

would have been r e t r i e v e d  had a11 the narromr terms been 

inc luded  i n  the a n a l y t i c s  of t h e  44 formulas  i n  th i s  group. 

The use,  of a s i n g l e  narrowef term i n  a f o r m l a  a n a l y t i c  

would have produced r e s u l t s  ranging  froin 100% recall (one 

case and v 7 i t h  only one document involved)  t o  zero  recall.  

The l a t t e r  occurred  over h a l f  the t i m e  (55%). Where t h e r e '  

k7as recall with narrower terms,  the recall v a l u e  was .40 

or  less i n  each ins t ance .  

Cons ider ing  n G i 7  the u s e r ' s  e v a l u a t i o n  of re levancy  

t h e r e  X.JCE 1-19 r e l e v a n t  documents o u t  of t h e  529 mechnni- 



21%. Of t h e  119 r e l e v a n t  documents, 16 would have been 

c i t e d  us ing  a l l  t h e  narrower terms i n  t h e  component p a r t s  

of  t h e  s e a r c h  formula in s t ead  of t h e  o r i g i n a l  t e r m .  Th i s  

is  a recal l  f a c t o r  of 15%, a ve ry  l o w  l e v e l  even though t h e  

e x p e c t a t i o n  w a s  t h a t  a l l  t h e  narrower terms taken  

c o l l e c t i v e l y  would approximate t h e  o r i g i n a l  t e r m  ou tpu t .  

2. Ana ly t i c s  formed by t h e  candida te  terms i n  i n t e r s e c t i o n  w i t h  s ea rch  

formula terms. 

Cen t ra l  Tendencies and Dispers ions  

There were 117 a n a l y t i c s  t h a t  belonged t o  t h e  0 group. 

O f  t h e s e ,  t h e  Thesaurus i d e n t i f i e d  s i x t y - e i g h t  as having 

a set of narrow terms t h a t  could be s u b s t i t u t e d  f o r  t h e  

o r i g i n a l  terms i n  t h e  a n a l y t i c s .  The remaining 49 

o r i g i n a l  terms had no t h e s a u r a l l y  i d e n t i f i e d  narrower 

terms f o r  them. There were 189 a n a l y t i c s  formed by t h e  68 o r i g i n a l  

terms i n  t h i s  group. The  median number of a n a l y t i c s  

t h u s  formed w a s  1.6 f o r  each term and ranged from 1 t o  a 

h igh  of 14. The number of documents indexed by t h i s  

set of a n a l y t i c s  w a s  376.  

froin 0 t o  56 wi th  a median va lue  o f  1 .9  documents 

p e r  a n a l y t i c .  

The number f o r  each t e r m  ranged 

For  t h e s e  68 o r i g i n a l  terms t h e r e  were 492 t e r m s  i n  

t h e  Thesaurus s t r u c t u r a l l y  c l a s s i f i e d  as narrower. When 

t h e s e  492 narrower t e r m s  w e r e  s u b s t i t u t e d  (where appropr i a t e )  

i n t o  t h e  a n a l y t i c s  involv ing  the  o r i g i n a l  t e r m :  t h e r e  were 

192 documents c i t e d  as p o t e n t i a l  answers t o  ' t h e  submit ted 
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q u e s t i o n s .  The number of docunients c i t e d  by t h e  new a n a l y t i c s  

a f t e r  narrower terms were s u b s t i t u t e d  ranged from 0 t o  34 p e r  

formula.  The average number of  c i t e s  pe r  a n a l y t i c  was 1.0. 

Red u nd a nc y 

As d i scussed  p rev ious ly ,  our  e x p e c t a t i o n s  f o r  narrower t e r m s  

i s  t h a t  t h e  c o l l e c t i v e  ou tpu t  f o r  t he  s e t  of  "narrower 

a n a l y t i c s "  is  e q u i v a l e n t  t o  t h e  output  of  t h e  o r i g i n a l  a n a l y t i c s .  

W e  expec ted  a11 376 documents c i t e d  by t h e  o r i g i n a l  a n a l y t i c s  

t o  be a l s o  c i t e d  by t h e  summation of t he  narrower a n a l y t i c s .  

However, on ly  62 o f  t h e  c i t a t i o n s  were redundant ,  g i v i n g  a 

redundancy f i g u r e  of 16.5%. 

Reca 11 and P r e c i s  i o n  

The recal l  and p r e c i s i o n  v a l u e s ,  w i t h  r e s p e c t  t o  b o t h  t h e  in -  

fo rma t ion  a n a l y s t ' s  and t h e  u s e r ' s  e v a l u a t i o n  of r e l evance  

t h a t  r e s u l t  froin r e p l a c i n g  terms i n  t h e  search formula wi.th 

narrower terms, a l s o  can  be determined. 

Of t h e  376 documents c i t e d  by t h e  o r i g i n a l  a n a l y t i c s ,  1 2 1  were 

cons ide red  r e l e v a n t  by t h e  a n a l y s t .  F i f t e e n  o€  t h e s e  would 

have been  c i t e d  had narrower terms been used i n  t h e  a n a l y t i c s  

i n s t e a d  of  t hose  o r i g i n a l l y  chosen. This  i s  a r e c a l l  v a l u e  of 

12.5% and i n d i c a t e s  t h a t  had a l l  t h e  narrower t e r m s  been :!sed 

i n  t h e  sea rch  formulas  i n s t e a d  of t h e  o r i g i n a l  terns only ,  

ons-e ighth  of  t h e  documents t h e  analyst :  f e l t  t o  be p o t e n t i a l l y  

useful t o  t h e  r e q u e s t  would have been r e t r i e v e d .  The r e c a l l  

f a c t o r  f o r  documents eva lua ted  as r e l e v a n t  by t h e  user was 

s l i g h t l y  l ess  t h a n  f o r  t h e  a n a l y s t .  Seventy-nine of the o r i g i -  

nal  c i t e d  documepts wsre cor,sidcro,d r e l e v a n t  b:~ t he  user .  Nine 
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of t h e s e  r e l e v a n t  documents were c i t e d  by a n a l y t i c s  c o n t a i n i n g  

narrower terms s u b s t i t u t e d  f o r  t h e  o r i g i n a l .  The recal l  f o r  

u s e r - r e l e v a n t  documents is  now 11.3% s o  t h a t  w e  now f i n d  t h a t  

only one-n in th  of t h e  r e l e v a n t  documents c a n  be r e c a l l e d  i f  

, t h e  u s e r  happens t o  choose narrower terms i n  s t r u c t u r i n g  t h i s  

component of t h e  search formula. 
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C.  Condi t ion  111: S u b s t i t u t i n g  Thesaura l ly  Related Terms i n t o  Search 

Formula Ana ly t i c s  

1. Ana ly t i c s  formed by t h e  o r i g i n a l  t e r m  e i t h e r  s i n g l y  o r  i n  union 

’ w i t h  one o r  more terms i n  t h e  s e a r c h  formula.  

C e n t r a l  Tendencies and Dispers ions  

Ana ly t i c s  randomly s e l e c t e d  f o r  s tudy  t h a t  belong t o  t h e  u 
group numbered 112. Of these ,  r e l a t e d  t e r m s  were l i s t e d  i n  

t h e  Theasurus f o r  94 of  t h e  o r i g i n a l  terms i n  t h e  sea rch  

formula a n a l y t i c s .  

terms a s s o c i a t e d  w i t h  them.. The 9 4 , o r i g i n a l  terms under 

The remaining 18 a n a l y t i c s  had no r e l a t e d  

c o n s i d e r a t i o n  i n  t h i s  group were index terms for a t o t a l  

of 713 documents i n  t h e  s u b f i l e .  The number of  documents 

indexed by each o r i g i n a l  t e r m  ranged from 0 t o  73, t h e  

median number indexed was 4.2 documents. 

For t h e s e  o r i g i n a l  94 terms t h e r e  were 320 terms i n  t h e  

- Thesaurus c l a s s i f i e d  i n  i t s  h i e r a r c h i c a l  s t r u c t u r e  as re la ted .  

-k These 320 t e r m s  i n  t u r n  were index terms f o r  5747 documents. 

The number indexed by each r e l a t e d  t e r m  i n  t h i s  set ranged 

from 0 t o  367, t h e  median being 2 .8  documents. 

Redundancy 

Our e x p e c t a t i o n  f o r  r e l a t e d  t e r m  s u b s t i t u t i o n  (discussed under 

Design of  t h e  Experiment, p .  14) is low redundancy, very  low 

recall  and p r e c i s i o n .  I n  many cases t h e  set of  documents 

c i t e d  by t h e  o r i g i n a l  a n a l y t i c s  and t h e  set c i t e d  by “ r e l a t e d  

a n a l y t i c s ”  should be d i s j o i n t ;  where t h e r e  i s  ove r l ap  it should 

be s l i g h t .  

-k Footnote on page 19 al.so appl ies  t o  related termse 
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Therefore, we expected few (about 10%) of the 713 documents 

cited by the original terms to be among the 5747 documents cited 

by the related terms. This was correct, since only 128 (or 

' 18%) of the 713 documents were cited in common. This amount 

of overlap did not differ greatly from the expectation. 

Thirteen of the 94 sets of cited documents were disjoint, 

citing no documents in common. 

Recall and Precision 

Of the 712 documents cited by the original term, one-third 

(238 or 33.4%) were evaluated as potentially useful by the 

information analyst and forwarded to the requestor. Related 

terms were found on 75 of the 238 analyst-relevant documents 

which is 31.5%. Roughly one-third of the documents evaluated 

as potentially useful by the information analyst would have 

been retrieved had all the sampled related terms been used in 

lieu of the chosen term for the 94 analytics in this group. 

When a single related term was used in a formula analytic, it 

resulted in recall values ranging from 100% ( 9  ow.2 o f  9 documents) 

to zero. The latter occurred 30% of the time. Where recall 

was observed using related terms, it was found that the related 

term was a part of a disjoined, multiple-word descriptor, e.g., 

"gas" taken from "gas dynamics". 

There were 178 documents in this group evaluated as relevant 

by the requestor. Of these, 5 1  could have been recalled using 

related terms from the szmple in the analytics. The recall factor 

is .29. 

2. Analytics formed by the candidate terms in intersection with search 

formula terms. 
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C e n t r a l  Tendencies and Dispers ions  

The number of a n a l y t i c s  t h a t  belonged t o  t h e n g r o u p  w a s  117. 

‘Of  t h e s e ,  112 had a set of terms t h e s a u r a l l y  i d e n t i f i e d  f o r  them 

which could  be s u b s t i t u t e d  f o r  the o r i g i n a l  terms i n  t h e  

a n a l y t i c s .  The o t h e r  f i v e  o r i g i n a l  terms had no r e l a t e d  term 

a s s o c i a t e d  w i t h  them. There were 327 a n a l y t i c s  formed by 

i n t e r s e c t i n g  t h e  112 o r i g i n a l  t e r m s  w i t h  o t h e r  terms. The 

median number of  a n a l y t i c s  thus  formed w a s  2.0 f o r  each  t e r m  

and ranged from 1 t o  a high of 14. The number of documents 

indexed by t h i s  s e t  of o r i g i n a l  a n a l y t i c s  was 550. The number 

f o r  each a n a l y t i c  ranged from 0 t o  95 w i t h  a median v a l u e  of 

1.0 documents p e r  a n a l y t i c .  

For t h e  112 o r i g i n a l  terms t h e r e  were 556 terms i n  the  Thesaurus 

s t r u c t u r a l l y  c l a s s i f i e d  as r e l a t e d ,  When t h e s e  556 r e l a t e d  

terms were S u b s t i t u t e d  ( a g a i n  where a p p r o p r i a t e )  i n t o  t h e  

a m l y t i c s  i nvo lv ing  o r i g i n a l  terms, t h e r e  were 565 documents 

c i t e d  as p o t e n t i a l  answers t o  t h e  submit ted ques t ions .  A f t e r  

r e l a t e d  t e r m s  were s u b s t i t u t e d  t o  form new a n a l y t i c s ,  t h e  

number of documents c i t e d  ranged from 0 t o  109 documents per  

formula.  The average  number of c i t e s  was 1 .7  per  a n a l y t i c .  

Redundancy 

I n  a n  e a r l i e r  d i s c u s s i o n ,  w e  s t a t e d ’  t h a t  our  expec ta t ions  €or 

r e l a t e d  terms was a low va lue  ,of  redundancy. We do not expect  

many of t he  documents c i t e d  by the  “ r e l a t e d  a n a l y t i c s “  t o  be i n  

comnion w i t h  t h e  s e t  c i t e d  by the  o r i g i n a l  a n a l y t i c s .  This  was 

indeed t r u e ,  of the  550 documents c i t e d  by the  o r i g i n a l  a n a l y t i c s ,  

only 51 of them were a l s o  among the  565 documents c i t e d  by the 

reTatcd a n a l y t i c s .  The redundancy f i g u r e  of .09 was about  what 

was expectecl. 



Recall and P r e c i s i o n  

Recall and p r e c i s i o n  values c a n  a l s o  ‘,be determined f o r  r e l a t e d  

terms when t h e s e  are subst i tut$d i n t o  t h e  s e a r c h  formula anz- 

l y t i c s .  

and t h e  user’s  e v a l u a t i o n s  o f  re levancy.  O f  t h e  550 documents 

c i t e d  by t h e  o r i g i n a l  a n a l y t i c s ,  144 were considered r e l e v a n t  

by t h e  a n a l y s t .  Twelve of t h e s e  would have been c i t e d  had 

These v a l u e s  a re  b&ed on t h e  informat ion  a n a l y s t ’ s  

r e l a t e d  terms been used i n  t h e  a n a l y t i c s  i n s t e a d  of those  

o r i g i n a l l y  s e l e c t e d .  The r e c a l l  va lue  of 8.5% i n d i c a t e s  t h a t  

had a l l  t h e  r e l a t e d  terms been  used i n  t h e  s e a r c h  formulas  t o  

r e p l a c e  t h e  o r i g i n a l  terms, only one- twel f th  o f  the  documents 

t h e  a n a l y s t  f e l t  t o  be p o t e n t i a l l y  u s e f u l  would have been re-  

t r i e v e d .  The r e c a l l  f a c t o r  f o r  documents eva lua ted  as r e l e v a n t  

by t h e  u s e r  was v e r y  low. Ninty-nine oE t h e  o r i g i n a l l y  c i t e d  

docuinents were cons idered  r e l e v a n t  by t h e  u s e r .  Four of t h e s e  

use r - r e l evan t  dociiments were c i t e d  by a n a l y t i c s  c o q t a i n i n g  

r e l a t e d  terms i n  l i e u  of t h e  o r i g i n a l  terms. Recall i s  now 

down t o  4”/, s o  t h a t  t h e  prospec t  of r e t r i e v i n g  r e l e v a n t  docu- 

ments u s i n g  r e l a t e d  terms i n  s e a r c h  a n a l y t i c s  i s  t o o  dim t o  be 

u s e f u l .  
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Summary 

The r e s u l t s  of the experiment  can  b e  summahzcd i n  t h e  fo i lowing  

Table  1 i s  t h e  redundancy f a c t o r s  f o r  each of t h e  t h r e e  f o u r  t a b l e s .  

types of terms as they occurred i n  each of two component p a r t s  of s ea rch  

formulas.  Table 2 i s  the  reca l l  v a l u e s  f o r  s u b s P i t u t i n g  the t h r e e  types 

when the  informat ion  a n a l y s t ‘ s  e v a l u a t i o n  of re levancy  i s  the  c r i t e r i o n .  

Table 3 is  t h e  recall  v a l u e s  when the  informat ion  use r  i s  the  judge 

of t he  r e l eva txy .  

of terms when document re levancy  (use r )  i s  t h e  b a s i s  of comparison. Two 

v a l u e s  are g iven ,  one f o r  t h e  o r i g i n a l ’  t e rm/ana ly t ic ’ ,and  one f o r  t h e  

Table 4 is the  p r e c i s i o n  va lues  f o r  t h e  th ree  types 
-. 

subs  ti t u t  ed te im/ana l y t i  c . 
Table  I. Redundancy F a c t o r s  f o r  Thesaura l  S u b s t i t u t i o n s  i n t o  Search  

Formu l a  A n a l y t i c  s 

R e l a t i o n s h i p  of I A,nalp t ic  -- i n  Search  I?orrriul+ 

Union 
T e r n  t y p e  
Sub s t I tu 11 ed I n t e r s  e c ti  on 

Broader .48 25 

Nar r owe r 1 7  1 7  

Rela ted  .18 e 09 

s 

Table 2,  Recall Values  f o r  Thesaura l  Subs t i t u t i . on  i n t o  Search  Fornula  
h n a l y t i c s :  Ana lys t ’ s  E v a l u a t i o n  of Document as C r i t e r i o n  

- R e l a t i o n s h i p  of Ana ly t i c< l in  SearchFormula-  
Term type 
Subs t i  t u  t -- ed Union I n t e r s e c t i o n  

Broader .53 .26 

Narrower a 13 13 

Rela t ed  .32 .09 
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Table  3 .  Recall Values f o r  Thesaura l  S u b s t i t u t i o n  i n t o  Search Formula 
Analy t ics :  User's Judgment of Document as C r i t e r i o n  

R e l a t i o n s h i p  of Ana ly t i c  i n  Search Formula 

Term Type 
S u b s t i t u t e d  ' Union I n t e r s e c t i o n  

Broader .57 .26 

Narrower .15 11 

Re la t e d  .29 .04 

Table  4. P r e c i s i o n  Values f o r  Thesaura l  S u b s t i t u t i o n  i n t o  Search Formula 
.- Analy t i c s :  Relevant  Documents Ci ted  by O r i g i n a l  Ana ly t i c s  as 

C r i t e r i o n  

R e l a t i o n s h i p  of Ana ly t i c  i n  Search Formula 
Term Type 
Bubs t i t u  t ed Union I n t e r s e c t i o n  

Broader .005 (.36)fc .01S ( .30) 

Narrower 

R e l a t e d  

.03 (.23) .05 (.21) 

.01 (.25) .007 (.18) 

J;. Values i n  t h e  pa ren theses  are f o r  t h e  o r i g i n a l  a n a l y t i c s  

Improvement i n  Search Formula Resu l t s  

A cons ide rab le  number of des i r ed  documents t h a t  were 

no t  r e t r i e v e d  by a n a l y t i c s  con ta in ing  t h e  o r i g i n a l l y  sampled 

terms would have been r e t r i e v e d  had a t h e s a u r a l l y  r e l a t e d  term been 

used i n  t h e i r  p l aces .  The f r equenc ie s  of occurrence of t h i s  type of event 

are given i n  t h e  fol lowing t a b l e .  

The Frequency of Improved Reca l l  of Relevant Documents 
f o r  Two Classes of Relevance Assessments 

Type of Term 

Broader 

Analyst  Relevant User Relevant 

34 (.09) 27 (.07) 

Narrower 12 (.11) 11 ( . l o )  

Related 18 (.06) 1 2  ( . 04 )  

Where va lues  i n  t h e  parentheses  are p r e c i s i o n  v a l u e s , , i . e . ,  p ropor t ion  of 

t o t a l  documents c i t e d  by the  new a n a l y t i c s  t h a t  wero r e l e v a n t .  
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While t h e s a u r a l l y  s u b s t i t u t e d  a n a l y t i c s  d i d  r e t r i e v e  a number of 

documents t h a t  would not  have been r e t r i e v e d  by t h e  o r i g i n a l  a n a l y t i c s ,  t hey  

a l s o  r e t r i e v e d  l a r g e  numbers of non-re levant  documents as i n d i c a t e d  by t h e  

p r e c i s i o n  va lues .  I n  most cases 90% o r  more of  t h e  r e t r i e v e d  documents usfng 

t h e  a n a l y t i c s  formed by t h e s a u r a l  s u b s t i t u t i o n s  were of no use. It can 

a l s o  be seen from t h e  t a b l e  t h a t  narrower terms d i d  provide t h e  b e s t  

p r e c i s i o n  v a l u e s ,  bu t  on ly  by ve ry  s m a l l  margins. 



CONCLUSIONS 

The r e s u l t s  of  t h e  experiment show t h a t  t h e  t h e s a u r a l  modif ica-  

t i o n  of s ea rch  formulas w a s ,  i n  gene ra l ,  i n e f f e c t i v e  i n  c o n t r o l l i n g  

t h e  ou tpu t  of  s ea rches  conducted a g a i n s t  t h e  l a r g e  NASA f i le .  This  v7as 

so even though t h e  Thesaurus was  de r ived  from t h e  indexing vocabulary 

of  t h e  same f i l e  t h a t  w a s  searched.  The i n t e r - t e r m  r e l a t i o n s h i p s  

found i n  t h e  Thesaurus had been e s t a b l i s h e d  by convent ions t h a t  were 

- agreed upon by a p a n e l  of e x p e r t s  r a t h e r  t han  by t h e  n a t u r a l  usage of  
\ . ?  

t h e s e  terms i n  t h e  texts proper .  But t h i s  is  t h e  lesser p a r t  of t h e  

answer, t h e  g r e a t e r  p a r t  l ies  i n  t h e  indexing. 

The lack o f  e f f e c t i v e n e s s  i n  r e g u l a t i n g  t h e  output  w a s  

observed t o  be t r u e  of  t h e  p r e - t h e s a u r a l l y  indexed NASA f i l e ,  bu t  may 

a l s o  app ly  t o  t h e  f i l e  as indexed pos t - thesau ra l ly .  A visua l  

examinat ion of t h e  post-Thesaurus indexing sugges t s  t o  t h i s  wri ter  t h a t  

indexing w i t h  t h e  a i d  o f  t h e  Thesaurus is  no t  s i g n i f i c a n t l y  d i f f e r e n t  

from t h e  p r e - t h e s a u r a l  indexing under t h e  NASA Subjec t  Author i ty  L i s t  

(SAL). Th i s ,  however, needs t o  be demonstrated e m p i r i c a l l y  i n  a 

companion s tudy  t o  t h i s  experiment.  I f  it i s  indeed t r u e  t h a t  t h e  pos t -  

t h e s a u r a l  indexing i s  no t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  SAL indexing 

which w a s  shown t o  b e  l ack ing  i n  t h e  necessary  redundancy f o r  f i n e  c o n t r o l  

of  t h e  re t r ieval  procedures ,  t hen  t h e  only  e f f e c t i v e  func t ion  be ing  

performed by t h e  Thesaurus i s  t h e  minor f u n c t i o n  of  an a u t h o r i t y  l ist  

f o r  t h e  s e l e c t i o n  o f  d e s c r i p t o r s .  The major f u n c t i o n  as a t o o l  f o r  

r e g u l a t i n g  t h e  ou tpu t  of  l a r g e  mechanized r e t r i e v a l  systems remains 

unusable.  And as a consequence, recall and p r e c i s i o n  va lues  are l i k e l y  

t o  remain low. 
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W e  w e r e  unable  t o  modify t h e  bulk  of  t h e  search  formulas t h e s a u r a l l y  

and thereby  r e g u l a t e  t h e  output  t o  a degree  which i n  any way would be 

u s e f u l .  Most of t h e  d i f f i c u l t y  can be a t t r i b u t e d  t o  t h e  l a c k  of a work- 

a b l e  i n t e r f a c e  between t h e  Thesaurus and the  indexing which would permit  

t h e  s t r u c t u r a l  m o b i l i t y  incorpora ted  i n t o  t h e  Thesaurus t o  be imposed over  

the uns t ruc tu red  indexing  found i n  t h e  document f i l e .  One p o s s i b i l i t y  

.-for achiev ing  t h i s  i n t e r f a c i n g  is  t o  a s s i g n  a va lue  t o  each t e r m  i n  t h e  

Thesaurus bzsed on accumElated sea rch  d a t a  from t h i s  and similar r e sea rch  

exper iences .  The numeric va lue  a s soc ia t ed  w i t h  each Thesaurus t e r m  would 

be an  i n d i c a t o r  of t h e  e f f e c t i v e n e s s  of  each t e r m  i n  r e t r i e v i n g  r e l e v a n t  

documents r a t h e r  t han  a frequency count of de s e r i p t o r  occurrences i n  

t h e  t o t a l  f i l e .  

I n  an  empi r i ca l  sense ,  broader  terms were broader .  They d i d  index 

many t i m e s  more documents t h a n  t h e  o r i g i n a l  terms, but  t h e  low redundancy 

f i g u r e s  prec ludes  t h e i r  e f f e c t i v e n e s s  i n  c o n t r o l l i n g  t h e  output .  The low 

recall  and p r e c i s i o n  va lues  s u b s t a n t i a t e  t h i s  s ta tement .  High redundancy, 

where i t  d i d  occur ,  w a s  almost e n t i r e l y  t h e  r e s u l t  of an indexing p o l i c y  

( s i n c e  d iscont inued)  of  d i s j o i n i n g  multiple-word d e s c r i p t o r s .  

Narrower t e r m s  were even less u s e f u l  i n  c o n t r o l l i n g  t h e  output  of  

searches .  

terms f o r  a given t e r m  t o  be equ iva len t  t o  t h e  output  f o r  t h a t  term. 

That is ,  we expected t h e  two ou tpu t s  t o  be 100% redundant.  

i n  e f f e c t  on ly  17% redundant.  

W e  expected t h e  summation of t h e  ou tpu t s  of a l l  t h e  narrower 

They were 

Related terms performed about as expected-low redundancy, low 

p r e c i s i o n  and recall. 



The performance of  t h e s a u r a l l y  s u b s t i t u t e d  terms i n  s e a r c h  a n a l y t i c s  

w a s  d i s a p p o i n t i n g  w i t h  r e s p e c t  t o  t h e  f i n e  c o n t r o l  of  t h e  ou tpu t  t h e  

Thesaurus i s  designed t o  provide.  

t h o s e  who c o n s t r u c t  s e a r c h  formulas f o r  s ea rch ing  t h e  NASA f i l e  not’  

Th i s  is  p a r t i c u l a r l y  d e v a s t a t i n g  t o  

knowing t h e  exact terminology t h e  a u t h o r  is  employing (which is  a l s o  

r e f l e c t e d  i n  t h e  d e s c r i p t o r s  s e l e c t e d  by t h e  p r o f e s s i o n a l  indexer) .  

-*The Thesaurus w i l l  n o t  l i k e l y  h e l p  him t o  home-in on t h e  t a r g e t  documents 

w i t h  any fewer mod i f i ca t ions  than  could be achieved by not  u s ing  it. 

Informat ion  s p e c i a l i s t s  w i l l  have t o  cont inue  hedging t h e i r  b e t s  by 

s t r i n g i n g  t o g e t h e r  a l l  p o s s i b l e  s e a r c h  a n a l y t i c s  i n  l o g i c a l  union t o  

guard a g a i n s t  miss ing  r e l e v a n t  documents. 

U n t i l  t h e  indexing of  documents i s  perfoxmed i n  such a way as t o  

conform t o  t h e  s t r u c t u r a l  r e l a t i o n s h i p s  of t h e  Thesaurus,  a n  informat ion  

s p e c i a l i s t  i s  j u s t  as w e l l  o f f  u s ing  an  a u t h o r i t y  l i s t  f o r  s e l e c t i n g  

terms i n  a s e a r c h  formula as he i s  i n  us ing  t h e  Thesaurus.  
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Appendix A 

S p e c i f i c  Detai ls  of Methodology 

@ D e l i m i t i n g  a popu la t io r ,  o f  s e a r c h  formulas.  

F o r  t h e  s i n g l e  " c u r r e n t  awareness" s e a r c h  pe r iod  selected a s  

t h e  d a t a  base  f o r  t h i s  i n v e s t i g a t i o n ,  t h e  indexes  t o  5600 "A" and 

'IN" documents were added t o  t h e  machine s e a r c h a b l e  f i l e  and more 

t h a n  e i g h t  hundred q u e s t i o n  s t a t e m e n t s  were searched  as p a r t  o f  t h e  

~ " c u r r e n t  awareness'' s e r v i c e  o f  t h e  Regional  Disseminat ion  Cen te r  

a t  t h e  U n i v e r s i t y  o f  P i t t s b u r g h .  

S i n c e  t h e  u s e f u l n e s s  of t h e  Thesaurus would' be determined i n  

p a r t  by t h e  u s e r ' s  e v a l u a t i o n  o f  t h e  c i t e d  documents, o n l y  t h o s e  

s t r a t e g i e s  f o r  which t h i s  i n fo rma t ion  was a v a i l a b l e  were used. A 

second d e l i m i t a t i o n  w a s  t h a t  t h e  q u e s t i o n  s t a t emen t  be  r ep resen ted  

by a unique s c z r c h  s t r a t e g y .  Almost two hundred of  t h e  q u e s t i o n  

s t a t e m e n t s  submi t ted  t o  t h e  system were no t  a s s igned  unique s t r o t -  

e g i c s  bu t  were searched  w i t h  s imilar  q u e s t i o n  s t a t e m e n t s  These 

were n o t  inc luded  i n  t h e  sample. Approximately 7 p e r  c e n t  o f  t h e  

s t r a g e g i e s  searched  r e t r i e v e  document c i t a t i o n s  i n f r e a u e n t l y ,  

p r i m a r i l y  because t h e i r  s u b j e c t  area i s  n o t  one covered t o  any gj:eat 

e x t e n t  i n  t h e  ae rospace  l i t e r a t u r e .  

s t r a t e g i e s  f o r  which EO docuxents  were c i t e d ,  as a r e s u l t  of t h e  

For  this i n v e s t i g a t i o n ,  t h o s e  

computer s e a r c h  and t h o s e  f o r  which none o f  t h e  c i t e d  documents were 

forwarded t o  t h e  user by t h e  a n a l y s t  were excluded from t h e  s a n p l e .  

Because i t  was be l i eved  t h a t  i t  would be u s e f u l  t o  compare t h e  

s t r a t e g i e s  developed a f t e r  t h e  p u b l i c a t i o n  of  t h e  Thesaurus w i t h  

t h o s e  i n  u s e  b e f o r e  i t s  e f f e c t i v e  d a t e ,  s t r a t e g i e s  t h a t  were c a n -  

c e l l e d  p r i o r  t o  Ja.numy 31, 1968 were a l so  e l i m i n a t e d  from t h e  sarriple. 



Here, i n  summary, are t h e  c r i te r ia  used t o  select t h e  sample of 

s t r a t e g i e s  forming t h e  data base  f o r  t h i s  Study, 1) t h e  s t r a t e g y  

must have been a p p l i c a b l e  t o  only  one ques t ion  s ta tement ;  2) t h e  com- 

p u t e r  s e a r c h  must have r e s u l t e d  i n  c i t a t i o n s  some o r  a l l  of  which were 

judged r e l e v a n t  by t h e  a n a l y s t  and forwarded t o  t h e  u s e r ;  3)  t h e  u s e r  

must have r e tu rned  a r e l evance  s h e e t  i n d i c a t i n g  t h e  " re la tedness"  o f  

t h e  computer c i t e d  documents t o  h i s  ques t ion  s ta tement ,  and, 4 )  t h e  

- q u e s t i o n  must s t i l l  have been i n  f o r c e  after t h e  e f f e c t i v e  d a t e  of t h e  

Thesaurus.  The c h a r t  i n  F igu re  A - 1  i l l u s t r a t e d  t h e s e  d e l i m i t a t i o n .  

Q k T h e  SAL terms from t h e  de l imi t ed  opou la t ion  of s ea rch  formulas were 

keypunched, one t e r m  p e r  ca rd  t o  form Deck A. These were then  

s o r t e d  - a l p h a b e t i c a l l y  i n  o rde r  t h a t  t h e  unique terms might be s e l e c t e d .  

@ The unique terms w e r e  converted t o  t h e  Thesaurus form of t h e  term and 

t h e  r e s u l t i n g  l i s t  w a s  keypunched, one t e r m  p e r  ca rd .  This  deck, De& 

B, cons i s t ed  of approximately 1500 terms. This  se t  o f  terms does not 

e x a c t l y  match t h e  set  of  formula terms. I n  a d d i t i o n  t o  those  terms 

i n  t h e  formulas f o r  which re levance  infoimacion had been r e tu rned  by t h e  

u s e r ,  t h e  terms i n  a l l  t h e  formulas f o r  which t h e r e  was any feedback 

from t h e  u s e r  r e l a t i n g  t o  computer c i t e d  documents were included.  

Son-e of t h e  r e tu rned  r e l evance  s h e e t s  included only  document o r d e r s  

and w e r e  l a t e r  d e l e t e d  from t h e  samp'le. Relevance s h e e t s  f o r  several 

ques t ions  had n o t  been r e tu rned  by t h e  u s e r s  a t  t h e  t i m e  t h e  sea rch  

was made o f  t h e  f i l e s  f o r  t h e  sample formulas.  The terms f o r  t h e s e  

formulas  were la ter  added t o  t h e  sample b u t  do no t  appear  i n  t h e  sub- 

sequent  comparison of  _SAT, and Thesaurus terminology. 

%Circ led  numbers r e f e r  t o  a p p r o p r i a t e  p a r t s  of  t h e  schematic ,  

f i g u r e  A-2. 
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The Knowledge A v a i l a b i l i t y  Systems Center  has  a copy of t h e  

Thesaurus on conputer  t ape .  Deck B w a s  used t o  read  a l l  of t h e  

s t r a t e g y  terms as Main te rms  a long  w i t h  t h e i r  a p p r o p r i a t e  subterms 

from t h e  computer t a p e  of t h e  Thesaurus.  The terms were then  w r i t t e n  

on to  a n o t h e r  t ape .  

The Thesaurus i s  recorded  on t h e  computer t a p e  as it  appea r s  

in' t h e  f irst  two volumes of t h e  publ i shed  Thesaurus,  i .e.,  a l p h a b e t i c a l l y  

.by Nain Term fol lowed by subterms ar ranged  a l p h a v e t i c a l l y  w i t h i n  t h e  

c a t e g o r i e s ,  "Used For ,"  "Broader," "Narrower," and "Related .I1 

One l o g i c a l  r eco rd  e q u a l l e d  one 109 c h a r a c t e r  record  p o s i t i o n e d  

i n  t e n  f i e l d s .  Only f o u r  o f  t h e  f i e l d s  were necessa ry  t o  t h i s  p r o j e c t  

and they  were loca ted  i n  t h e  fo l lowing  p o s i t i o n s :  

F i e  Id  Pos it i o n  Content  

I 1-7 a l i n e  sequencing number 

I1 8 a term r e l a t i o n s h i p  code 

111 25-66 a 42 c h a r a c t e r  subterm f i e l d  

IV 67-108 a 42 c h a r a c t e r  Main T e r m  f i e l d  

The Main Terms and t h e  a p p r o p r i a t e  subterms were read  f r o m  t h e  
8 

taped Thesaurus - on to  a n o t h e r  t a p e  by matching t h e  terms i n  Deck B, t h e  

Thesaurus form of t h e  o r i g i n a l  s t r a t e g y  terms, w i t h  t h e  terms i n  F i e l d  

I V .  \?hen t h e  term i n  F i e l d  I V  matched t h e  t e r m  on t h e  c a r d ,  t h e  log- 

i ca l  r eco rd  was read  on to  a n o t h e r  t ape .  When t h e  t e r m s  no longer  

. matched, t h e  succeeding  ca rd  w a s  read  from Deck B and t h e  program con- 

tinued t o  s e a r c h  i n  F i e l d  I V  u n t i l  a l l  of t h e  terms i n  Deck I3 had been 

matched w i t h  a t e r m  i n  F i e l d  3.S and a l l  of t h e  subterms had been read 

. .Onto a n o t h e r  t ape ,  Tape Q. 
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0 T h i s  second t ape ,  Tape Q, compris ing a s u b s e t  of t h e  Thesaurus,  w a s  

s o r t e d  a l p h a b e t i c a l l y  by t h e  terms i n  F i e l d  111, t h e  subterms,  and 

l i s t e d .  This  r e s u l t e d  i n  a l i s t  of approximately 22,000 terms of 

which 8,000 w e r e  unique. 

Each unique t e r m  was  t hen  compared v i s u a l l y  w i t h  t h e  t e r m s  i n  t h e  

SAL - 
@ When a t e r m  could  be equated t o  t h e  Thesaurus t e r m  on t h e  

a lphabe t i zed  l i s t i n g  of Tape Q, bo th  terms w e r e  keypunched on one card: 

t h e  form found i n  t h e  Thesaurus i n  t h e  f i r s t  40 columns and t h e  form 

found i n  t h e  i n  t h e  second 40.columns. It w a s  unnecessary t o  

keypunch a ca rd  f o r  t hose  terms t h a t  e x a c t l y  matched i n  t h e  Thesaurus 

and I SAL. When t h e r e  w a s  no t e r m  i n  t h e  SAL t h a t  could be equated 

t o  t h e  Thesaurus t e r m ,  t h e  Thesaurus t e r m  w a s  keypunched i n  t h e  f i r s t  

40 colurnns and a g a i n  i n  t h e  second 40 columns of t h e  card  bu t  pre-  

f i x e d  i n  t h i s  case by a dash (-) i n  column 41. 

T h i s  deck, Deck C, w a s  used t o  s u b s t i t u t e  t h e  t e r m  f o r  t h e  

Thesaurus t e r m  when t h e r e  was  a d i f f e r e n c e  between t h e  two forms, 

o r  t o  p l a c e  a dash  b e f o r e  t h e  Thesaurus t e r m  i f  no e q u i v a l e n t  t e r m  

could be found i n  t h e  &&. A f t e r  Tape Q had been modified by Deck 

C y  Tape Q was  r e - s o r t e d  by l i n e  sequence number and l i s t e d .  This  

provided t h e  form of t h e  t e r m  i n  t h e  d i s p l a y  of terms af forded  

by t h e  Thesaurus.  

The deck, Deck C y  t h a t  had been used t o  make t h e  t e r m  s u b s t i t u t i o n s  

on Tape Q w a s  t h e n  used t o  create a deck (Deck D) f o r  making s i i g l e  

’ 

a s p e c t  s ea rches  of t h e  sample per iod .  The c a r d s  w i t h  a dash  (-) 

i n  column 41 w e r e  s o r t e d  ou t  of t h e  deck s i n c e  t h e s e  t e r m s  d i d . n o t  

appear  i n  t h e  

The s e a r c h  program used a t  t h e  Un ive r s i ty  of ‘P i t t sburgh  RDC re- 

q u i r e s  t h a t  t h e  s e a r c h  t e r m  begin i n  column one and l i m i t s  t h e  number 
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of c h a r a c t e r s  f o r  any one term t o  twenty-one. A t h i r d  r equ i r emen t  

is that each  s t r a t e g y  be  preceded by a ca rd  which has a unique  ( t o  t h a t  

run of t h e  t a p e )  nuFber i n  t h e  f i r s t  f i v e  columns. 

A program vms w r i t t e n  f o r  t h e  IBM Computer Nodel 1130 t h a t  r e a d  

coluiniis 41 th rough 61  on Deck c and punched a c a r d  wi th  t h o s e  c h a r a c t e r s  

in colurms one through 2 1  on a new c a r d .  

used to  create t h e  p r e l i m i n a r y  c a r d s  f o r  t h e  s t r a t e g i e s ,  a deck  of 2,500 

The I B M  Model 1130 was a l so  

s e q u e n t i a l  f ive d i g i t  numbers.. 

The IBM Computer Model 360-20 was used t o  i n t e r f i l e  the t e r m  

cards w i t h  t h e  p r e l i m i n a r y  number c a r d s ,  " t h e  s e a r c h  deck,  and t o  15-st 

thls  deck,  Deck U. 

terms do not: appea r  on the ' compute r  p r i n t o u t  of  the s e a r c h  results. 

T h i s  l i s t i n g  F J ~ S  n e c e s s a r y  because  t h e  s t r a t e g y  

Only t h e  unique number on t h e  p r e l i m i n a r y  c a r d  appea r s  and t h e  o n l y  

way t o  a s s i g n  t h e  p r i n t o u t  of t h e  s e a r c h  r e s u l t s  t o  t h e  appropr i a t e .  

t e r m  ( s t r n t e g y )  i s  by t h e  number used on t h e  p r e l i m i n a r y  card. 

There  were two k i n d s  of terms i ?o t  i n  Deck C ,  t h e  conve r s ion  deck,  

because  i t  had been unnecessa ry  t o  keypunch conve r s ion  c a r d s  f o r  them. 

1. 

2. 

T e r ins  t h a  t 

t e r m s  t h a t  were e x a c t  matches i n  t h e  I_ SAL and Thesaurus  d i d  

not  need a coiivcrsion c a r d  because t h e y  remained t h e  same 

on Tape Q. 

a c c e s s  e n t r i e s  f o r  terms appea r ing  o n l y  a s  subterms  on Tape Q 

d i d  n o t  appea r  on Tape Q and consequen t ly  no conve r s ion  cards  

were keypuncf;l.ed f o r  them. 

were e x a c t  matches i n  t h e  SAL' and Thesaurus m r e  keypurychcd . -  

and added t o  t h e  s e a r c h  dcck. 

The a c c e s s  e n t r i e s  f o r  terms that! were n o t  Main Terms i n  t h e  

Each uniquc  term subset  of the Thcsaurus posed a g r e a t e r  problem. -- 
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appea r ing  i n  t h e  a l p h a b e t i c a l  l i s t i n g  of Tape Q had t o  be  checked as 

a Main Term i n  t h e  p u b l i s h e d  Thesaurus  i n  o r d e r  t o  de t e rmine  vhe.ther 

i t  had a c c e s s  (bsed For )  e n t r i e s  appea r ing  as  subterms.  When t h i s  

occu r red ,  both terms were keypunched on t h e  same c a r d ,  t h e  l e g a l  t e r m  

i n  columns one through 38 and t h e  access e n t r y  i n  columns 41 through 

78. The unused columns were r e s e r v e d  f o r  coding .  T h i s  deck,  Deck E ,  

was s o r t e d  a l p h a b e t i c a l l y  by t h e  access e n t r y ,  beginning  i n  column 41, 

. 

and l i s t e d .  

A l p h a b e t i z i n g  by access e n t r y  was n e c e s s a r y  t o  f a c i l i t a t e  

i n g  f o r  t h e  term i n  t h e  SAL. When a n  e q u i v a l e n t  term v7as found 
_I 

sea rch -  

i n  t h e  

SAL, it  was keypunched and added t o  t h e  s e a r c h  deck. _- 
Each s e a r c h  c o n s i s t e d  of approximate ly  one hundred and f i f t y  

s i n g l e  a s p e c t  s t r a t e g i e s .  A f t e r  t h e  sea rch  was completed,  t h e  s t r a t e g y  

nuinbcr cards and the  t e r m  c a r d s  were s e p a r a t e d  on t h e  s o r t e r ,  The 

s t r a t e g y  number c a r d s  were t h e n  coded, beginning  i n  c o l u m  seven ,  and 

. .  

were reused  i n  subsequent  s e a r c h e s .  

The deck of  term c a r d s  was reproduced and t h e  computer p r l  7 n t o u t  

of  t h e  document a c c e s s i o n  numbers c i t e d  f o r . t h e  s t r a t e g y  was f a s t e n e d  

t o  t h e  a p p r o p r i a t e  c a r d .  
. .  

Deck c, t h e  conve r s ion  deck on which were keypuiiched b o t h  t h e  

- SAL and Thesaurus  forms of t h e  te rms ,  and Deck E, t h e  deck of  a c c e s s  
" 

e n t r i e s ,  were s o r t e d  manual ly  and t h e  terms c a t e g o r i z e d  by t h e  k ind  of 

d i f f e r e n c e  betmeen t h e  SAL and Thesaurus  forms of t h e  terms.  - 
_ .  . . -  

A l l  o f  the s i n g l e  a s p e c t  s e a r c h e s  t h a t  were made were n o t  used 

i n  t h i s  s tudy .  

the o t h e r  s i n g l e  a s p e c t  s e a r c h e s  were ~ : s c d  i n  ano the r  s tudy .  

Only a vcry small number were used .  Thc resul ts  of 

However, 
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t hc  comple te  psocess has been d e s c r i b e d - b e c a u s e  t h o s e  used i n  t h i s  s t u d y  

were not  sea rched  s e p a r a t e l y  but were p a r t  of t h e  t o t a l  searched .  


